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Introduction 


The  U.S.  Air  Force  Medical  Service  presented  the  fifth  annual  Air  Force  Medical  Research  Symposium 
coordinated  by  the  Air  Force  Medical  Support  Agency’s  Research  and  Development  Division 
(AFMSA/SGRS).  The  symposium  was  held  on  24-26  August  2010  in  the  Washington  D.C.  area  at  the 
Doubletree  Hotel  Washington  DC  -  Crystal  City  in  Arlington,  VA.  The  symposium  featured  two  half¬ 
days  of  plenary  sessions,  one  and  a  half  days  of  scientific  presentations,  and  a  poster  session. 

The  symposium  was  organized  into  several  tracks  to  include  Operational  &  Medical,  En-route  Care, 
Force  Health  Protection,  and  Nursing,  as  follows: 

•  The  Operational  &  Medical  Track  focused  on  patient  care  and  treatment  in  garrison, 
expeditionary  care  during  contingency  operations,  and  enhancing  performance  of  airman  in 
challenging  environments. 

•  The  En-route  Care  Track  addressed  science  and  technology  targeted  at  the  continuum  of  care 
during  transport  from  point  of  injury  to  definitive  care  to  include  medivac,  aeromedical 
evacuation,  critical  care  air  transport,  patient  staging,  and  patient  safety. 

•  The  Force  Health  Protection  Track  focused  on  prevention  of  injury  and  illness  and  the  early 
recognition  or  detection  of  emerging  threats  for  in-garrison  or  deployed  operations.  Topics  of 
interest  include  research  in  bio-surveillance,  infectious  disease,  emerging  threats  (pandemic 
response),  protective  countermeasures,  disaster  response/consequence  management, 
toxicology/health  risks  (e.g.,  particulates  nanomaterials,  radiation,  etc.),  monitoring  disease 
trends,  other  areas  of  preventive  medicine,  public  and  environmental  health  relevant  to  the 
military  workforce. 

•  The  Nursing  Track  focused  specifically  on  evidence  based  practice. 

These  proceedings  are  organized  into  five  volumes,  as  follows: 

•  Volume  1.  This  volume  is  a  general  overview  of  the  entire  2010  Air  Force  Medical  Research 
Symposium  and  includes  abstracts  of  all  the  oral  presentations  and  posters.  First 
presented  is  the  symposium’s  opening  plenary  session,  followed  by  the  abstracts 
from  the  four  technical  tracks,  and  then  the  closing  plenary  session.  The  abstracts 
associated  with  the  poster  session  are  in  the  last  section  of  these  proceedings.  The 
agenda  for  the  overall  symposium  is  in  Appendix  A,  attendees  are  listed  in  Appendix 
B,  and  continuing  education  information  is  in  Appendix  C  of  this  volume. 

Appendices  D-L  are  copies  of  presentation  slides  from  the  plenary  sessions. 

This  volume  contains  abstracts  and  presentation  slides  for  the  Operational  &  Medical 
Track. 

This  volume  contains  abstracts  and  presentation  slides  for  the  En-route  Care  Track. 
This  volume  contains  abstracts  and  presentation  slides  for  the  Force  Health 
Protection  Track. 

This  volume  contains  abstracts  and  presentation  slides  for  the  Nursing  Track. 


•  Volume  2. 

•  Volume  3. 

•  Volume  4. 

•  Volume  5. 
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A  Novel  Approach  to  Zoonotic  Population  Health  Monitoring:  The  Zoonoses  Integration  Project 

82"“  AMDS 

Maj  Thomas  Doker 

Zoonotic  diseases  comprise  most  of  the  pathogens  that  currently  cause  human  disease  and  are  potential 
bioterrorism  and  emerging  infectious  disease  agents.  Delays  of  various  lengths  can  occur  between  initial 
diagnosis  and  reporting  to  local  public  health  systems  with  traditional  passive  disease  reporting.  Animal 
reservoirs,  vectors,  and  hosts  create  a  multifaceted  epidemiology.  Environmental  factors  resulting  from  weather 
and  geological  events,  human  interactions,  and  habitat  modifications  affect  the  populations  of  animals  within 
zoonotic  disease  chains  of  infection. 

The  Zoonoses  Integration  Project  (ZIP)  was  designed  to  be  a  component  of  a  fusion  center  that  assimilated 
public  health  studies,  general  media  sources,  and  other  sources  to  generate  a  daily  SA  report.  Many  public 
health  administrators  do  not  have  the  time  nor  the  expertise  to  gather  information  which  provide  the  SA  they 
require  on  a  daily  basis.  Moreover,  disease  events  in  other  countries  can  rapidly  become  global  public  health 
concerns. 

ZIP  provided  linkage  of  pathogen  selections  to  diseases  and  provided  an  effective  way  for  listing  existing 
subtypes.  Options  are  recommended  for  selecting  reservoir,  vector,  and  host  species.  Daily  multidisciplinary 
meetings  were  important  for  assessing  the  reliability,  validity,  and  significance  of  collected  data.  More  research 
is  needed  to  determine  the  biosurveillance  needs  of  decision  makers  and  to  evaluate  the  effectiveness  of  any 
public  health  action  that  occurs  due  to  the  receipt  of  timely  and  quality  biosurveillance  reports. 
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A  Novel  Approach  to  Zoonotic 
Population  Health  Monitoring: 
The  Zoonoses  Integration  Project 


Thomas  J.  Doker^  Maj,  USAF,  BSC 
DVM,  Dipl,  ACVPM,  MPH,  CPH 
Public  H  ealth  Flight  Commander 
Sheppard  AFB,  TX 


I  W  82D  TRAIN INg  WING 


SHEPPARD  AFB.  TEXAS  ®  , 


The  Zoonoses  Integration  Project 
(ZIP) 

•  Importance  of  Zoonotic  Diseases 

•  Passive/Active  Biosurveinance 

•  Spectrum  of  Zoonotic  Diseases 

-  Need  for  Multidisciplinary  Approach  for 
Biosurveillance 

•  Fusion  Center  Concept 

•  ZIP  Format/Flowchart 

•  Strengths/Challenges 

•  Recommendations^ 


W  32D  TRAINING  WI NO 


Zoonotic  Disease 


OiP 


World  Health  Orgaiillation 

Definition:  any  disease  or  infection  that  is  naturally 
transmissible  from  vertebrate  animals  to  humans 
(WHO,20t>9) 

“Animals  thus  play  an  essential  role  in  maintaining 
zoonotic  infections  in  nature.  Zoonoses  may  be 
bacterial,  viral,  or  parasitic,  or  may  involve 
unconventional  agents”  (WFIO,  2009} 


W  SZD  TRAINING  WING 


Emerging  and  Reemerging  infections  - 
70%  vector-borne  or  zoonotic 


cr- 


_ 't 

t  i!tr1tiKq>od-bcme  Ftodent-bcme  ODwr  (including  bats} 


SHEPPARD  AFB.  TEXAS  Q  I  W  82 D  TRAINING  WING 


SHEPPARD  A FB.  TEXAS  O 
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Importance  of  Zoonotic  Disease 


Passive  Biosurveillance 


bid  training  wing 


St^PPARD  AFB.  TEXA5  O  I 


6o%  of  human  pathogens 
75%  of  emerging  diseases 
So%  of  potential  bio  terrorism  agents 
Economic  losses 

Overwhelmed  public  health  systems 


W  820  TRAINING  WING 


SHEPPARD  AFB.  TEXAS 


Wildlife  Dl£C3£t!s7 
Vocter  Chartgcs? 
Rcsfifvciir  Changers? 
Ho!et  ChairiEPJ:? 
Chdpgwj? 


Active  Biosurveillance 

Passive  biosurveillance  reports 

Scientific  studies/reports  (Emerging  infectious 

Diseases,  MMWR) 

General  media  sources  (CNN,  global  newspapers) 

RSS  Feeds  (ProMed,  Wildlife  Disease  Information 
Node) 

Open  Web  sites  (HealthMap,  ArboNet) 

ICD-9, 10  spools  (ESSENCE,  Distribute) 

Laboratory  data  spools  (confirmed  cases) 
Hospital/clinic  visits  (ER  logs,  clinical  signs) 
Prescriptions;  OTC  drugs  (ESSENCE) 


I  820  TRAINING  WING 


Spectrum  of  Zoonotic  Diseases 

•  Bacteria 

•  Fungi 

•  Parasites 

•  Prion  Diseases 

•  Rickettsial  Diseases 

•  Viruses 


SHEPPARD AFB, TEXAS  O 
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Bacteria 


Anthrax 
Botulism 
Bruce  [[osis 
Ca  mpy  I  o  b  a  cterios  i  s 
Cat  Scratch  Disease 


Lyme  Disease 

Plague 

Psittacosis 

Q  Fever 

Rat  Bite  Fever 

Salmoneliosis 


Fungi 

Coccidiodiomycosis 
Cryptococcosis 
Dermatophytosis 
Histoplasmosis 


“  Escherichia  coil  Oi57:H7 

‘  Tuberculosis 

‘  Glanders 

"  Tularemia 

“  Leptospirosis 

■  Yersiniosis 

“  Listeriosis 

82D  TRAINING  WING  1 

SHEPPARD  AFB.  TEXAS  1 

Parasites 


African  Trypanosomiasis 
Babesiosis 
Bayiisascariasis 
Chagas'  Disease 
Cryptosporidiosis 
Cysticercosis 
Echinococcosis 
Hookworm  Infection 


Larva  mi  grans  (Cutaneous, 
Ocular,  Visceral) 
Leishmaniasis  (Cutaneous, 
Visceral) 

Sarcoptic  Mange 
Toxocariasis 
Toxoplasmosis 
Trichinosis 


Prion  Diseases 


^0 


Bovine  Spongiform  Encephalopathy 
Transmissible  Spongiform  Encephalopathies 


W  82D  TRAINING  WING 


SHEPPARD  AFB.  TEXAS  O  I  W  82D  TRAINING  WING 


SHEPPARD  AFB.  TEXAS  Cj 
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Rickettsial  Diseases 


Soww  iMmvdin«<luola«.< 


Boutonneuse  Fever 

Rocky  Mountain  Spotted  Fever 

Typhus  Fever 


W  82D  TRAINING  WING 


Viruses 


SovcK  lOS&hovstimral&caii 


Avian  Influenza 
Barnah  Forest  Virus 
Bolivian  Hemorrhagic  Fever 
Bornavirus  Infection 
Cache  Valley  Virus  Disease 
Contagious  Ecthyma 
Cowpox  Infection 
Crimea  n-Congo 
Hemorrhagic  Fever 


SHEPPARD  AFB,  TEXAS  C 


Dengue  Fever 
Eastern  Equine  Encephalitis 
Ebola  Virus  Infection 
Hantavirus  Infection 
Hendra  Virus  Infection 
Herpes  B  Infection 
Kyasanur  Forest  Virus 
Lassa  Fever 

Lymphocytic  Choriomeningitis 


Viruses 


*  A/larburg  Fever 

*  Mediterranean  Spotted 
Fever 

*  Monkeypox  Infection 

*  Nipah  Fever 

*  Omsk  Hemorrhagic  Fever 

*  Oropouche  Fever 

*  Rabies 

*  Rift  Valley  Fever 
-  SARS 

*  Swine  Influenza 

— - ^ 
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St  Louis  Encephalitis 
Venezuelan  Equine 
Encephalitis 

Venezuelan  Hemorrhagic 
Fever 

Western  Equine 
Encephalitis 
West  Nile  Virus 
Yellow  Fever 


Need  for  Multidisciplinary  Approach 
for  Biosurveillance 

Zoonotic  diseases  more  complex 
-  Multiple  animals  often  involved 

*  Reservoirs 

-  Dome  stfc  animals 

-  Companion  animals 

-  Wildlife  species 

♦  Vectors 


Hosts 
—  Primary 

-  Secondary 

-  Intermediate 

-  Paratenic 

-  Amplifying 

-  Dead-end 


SHEPPARD  AFB.  TEXAS  8  1  ‘V  82D  TRAINING  WING 


¥ 


SHEPPARD  AFB,  TEXAS  8 
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Zoonotic  Disease  Complexity 


Fusion  Center  Concept 


W  82D  TRAINING  WING 


SHEPPARD  AFB,  TEXAS  O  |  82D  TRAINING  WING 


SHEPPARD  AFB,  TEXAS  O 


Fusion  Center  Data  Sources 


EMERGING 

INFECTIOUS  DISEASES 

•  Public  health  studies/reports 

•  General  media 

•  Active/passive  biosurveillance 

•  Other  fusion  center  outputs  HeolthMop 

•  Social  networks 


W  82D  TRAINING  WING 


Fusion  Center  Subject  Matter 
Experts 

Infectious  disease  docs 


SHEPPARD  AFB.  TEXAS  Q  82D  TRAINING  WING 


Epidemiologists 
Informatics  professionals 

Scijxe:  vM*wJe^|ij 

Geographic  Information  Systems  analysts 
Environmental  health  professionals 
Veterinarians 
Public  health  analysts 
Wildlife  biologists?  ^ 


7 


Proceedings  of  the  2010  AFMS  Medical  Research  Symposium 


Volume  4 


Force  Health  Protection 


ZIP  Format/Flowchart 


L  Daily  research  of  open-source  data  by  analysts 
2.  Data  input  into  Tier  1  items 


3.  From  OVERVIEW;  select  TIER  1 


4.  Within  TIER  1,  select  ADD 

o 


5.  Unique  ID  number  generated  for  each  item,,. enter  TITLE 
-O' 


6.  Copy  and  paste  reference  material  into  DESCRIPTION/EMAIL  TEXT 


7.  Enter  initial  analysis  into  NOTES/COMMENT 


8,  Use  dropdown  to  choose  INTO  SOURCE 


'W  82D  TRAINING  WING 


ZIP  Format/Flowchart 


9.  Copy  and  paste  URL  into  LINK  TO  ORIGINAL  SOURCE  IF  AVAILABLE 


o 


1 0,  (DISEASE)  Select  radio  button  for  DISEASE  LISTED, 
DISEASE  NOT  LISTED,  or  DISEASE  NOT  MENTIONED 


1  lb.  Enter  disease  into 
DISEASE  NOT  LISTED 


11a,  Use  dropdown  to 
choose  DISEASE 
LISTED 


11  c.  If  unknown  disease, 
use  DISEASE  NOT 
MENTIONED 


12b.  Enter  PATHOGEN 
into  textbox  if  not 
available  in  dropdown 


12a,  Use  dropdown  linked 
to  selected  disease  to 
choose  PATHOGEN 


1 3,  Enter  number  into  CASE  COUNT 


SHEPPARD  AFB,  TEXAS  W  82D  TRAINING  WING 


SHEPPARD  AFB,  TEXAS  O 


ZIP  Format/Flowchart 


14,  (SPECIES)  Select  radio  button  for  WILDLIFE, 
DOMESTIC,  COMPANION,  ZOO,  FERAL,  or  UNKNOWN 


15b,  Select  DOMESTIC 
for  animals  confined  by 
man  for  food  and/or  draft 

15a,  Select  WILDLIFE 
for  non -domesticated 
species  present  in  nature 

15c.  Select  COMPANION 
for  animals  maintained  as 
pets 

-n- 

15e.  Select  FERAL  for 
animals  which  were 
previously  domesticated 

15d.  Select  ZOO  for 
animals  confined  by  man 
for  public  viewing 

15f.  Select  UNKNOWN 
for  potential  20onoses 
(new  disease) 

1  16.  (SPECIES)  Select  radio  button  for  IDS,  NOT  IN  KIS,  or  UNSPECIFIED  | 

17b.  Select  NOT  IN  IDS 
if  not  found  within  ITIS 

17a.  Select  IDS  for 
dropdown  of  RECENT 
SPECIES  and  text  field 

17c.  Select 
UNSPECIFIED  if 
unknown  species 

ZIP  Format/Flowchart 


18b,  Enter  name  of 
animal  from  the  source 
into  SPECIES  OPTION 


18a.  Use  RECENT 
SPECIES  dropdown  to 
find  catalogued  species 


19.  (PLACE)  Select  radio  button  for  GEONAMES, 

NOT  IN  GEONAMES,  or  GPS  COORDINATES 
-  - 


20b,  Select  NOT  IN 
GEONAMES  if  not 
found  within  GeoNames 


20a.  Select  GEONAMES 
for  dropdown  of  RECENT 
PLACES  and  text  field 


20c,  Select  GPS 
COORDINATES  if 
available 


I  21,  Discuss  Tier  1  items  at  daily  1:00  PM  Situational  Awareness  (SA)Tier2  Meeting  | 


22.  If  multidisciplinary  team  selects  Tier  1  item  for  the  SAReport;  Create  Tier  2  item  | 


I  23.  Link  Tier  1  and  Tier  2  items  by  using  dropdown  under  TIER  2  ITEM  | 


SHEPPARD  AFB,  TEXAS 


82D  TRAINING  WING 


SHEPPARD  AFB,  TEXAS  O 
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Strengths 


ITIS 


Integrated  laxMomic 
Inferraatiofl  System 


ITIS  provided  most  of  the  genus/species  needed 
GeoNames  database  good  for  country  and 
province/state  level  choices 
Linkage  of  pathogen  selections  to  disease 
provided  effective  way  for  listing  subtypes 
Daily  multidisciplinary  meetings  important  for 
assessing  data  reliability,  validity,  and  significance 

Linkage  of  pathogens  to  diseases  useful  for 
reporting  subtypes^^ 


)  GeoNames  Challenges 

GeoNames  database  lacked  granularity  to  city, 
village/town,  or  district/county  levels  (as  used) 
Boolean  operators  did  not  function  within  the 
GeoNames  search  function  (as  used) 

GeoNames  was  adequate  for  ZIP  overview  map; 
however,  better  data  needed  for  GI5  (as  used) 
Disease  list  incorporated  only  one  name  per  zoonosis 

Case  counts  good  for  understanding  disease  scope; 
however,  aggregate  data  often  reported 


'W  82D  TRAINING  WING 


SHEPPARD  AFB,  TEXAS  C 


Recommendations 


•  Provide  nonspecific  options  for  pathogens 

•  Give  options  for  suspect,  probable,  and  confirmed 
case  counts 

•  Incorporate  active  surveillance  of  laboratory  data 

•  Offer  animal  group  options  (herd,  flock,  etc.) 

•  Supply  estimates  of  disease  distributions  within 
vectors  or  reservoirs 


Questions? 


Maj  Tom  Doker 


Link  species  list  to  reservoir,  vector,  or  host 
options 


Vy  82D  TRAINING  WING 


SHEPPARD  AFB.  TEXAS  8  1  W  82D  TRAINING  WING 


SHEPPARD  AFB,  TEXAS  8 
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Hydroxocobalamin  and  Epinephrine  Each  Improve  Survival  in  a  Novel  Swine  Model  of  Cyanide-Induced 
Cardiac  Arrest:  A  Randomized  Trial 

59^*^  Medical  Wing  (MDW) 

Maj  Vik  Bebarta 


INTRODUCTION:  Hydroxocobalamin  (HOCB)  is  a  cyanide  (CN)  antidote,  but  it  has  not  been  studied  in  CN- 
induced  cardiac  arrest.  In  addition,  a  clinically  relevant  model  for  drug  or  chemical  induced  cardiac  arrest  has 
not  been  described.  HYPOTHESIS:  Our  primary  hypothesis  was  that  HOCB  will  improve  survival  compared 
to  controls  in  a  CN-induced  cardiac  arrest  swine  model.  METHODS:  45  swine  were  intubated  and 
instrumented  and  then  cyanide  was  infused  until  cardiac  arrest.  Animals  were  randomly  assigned  to  HOCB, 
EPI,  or  saline  bolus.  CPR  was  performed  with  a  chest  compression  device.  Vasopressor  infusion  (epinephrine) 
was  used  after  ROSC  for  SBP  <  90  mm  Hg.  RESULTS:  At  2  and  4  min  after  arrest,  coronary  perfusion 
pressures  were  greater  than  15  mm  Hg  in  treatment  groups.  All  (15)  animals  in  the  control  group,  4/15  in 
HOCB  group,  and  4/15  in  EPI  group  died  (p  <  0.001).  ROSC  at  5  min  and  10  min  were  similar  in  treatment 
groups  (p  >0.9).  Vasopressor  infusion  after  ROSC  was  required  for  hypotension  in  2/11  HOCB  animals  and  in 
11/11  EPI  animals  (p  <  0.001).  At  60  min,  serum  lactate  (4.9  vs.  12.1,  p<0.0001)  and  pH  (7.34  vs.  7.153 
p<0.0001)  improved  in  the  HOCB  group.  Serial  serum  CN  levels  in  the  HOCB  group  were  lower  after  arrest 
until  study  end  (p<0.004).  CONCLUSIONS:  HOCB  and  EPI  both  improved  survival  compared  to  controls  in 
this  swine  model  of  cyanide  induced  cardiac  arrest.  HOCOB  improved  blood  pressure,  pH,  lactate,  and  cyanide 
levels,  and  reduced  epinephrine  infusion  use  compared  to  the  EPI  group. 
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Antidotal  treatment  for  acute 
cyanide  toxicity  in  a  clinically 
relevant  model 

Vik  Bebarta  MD 

Lt  Col,  USAF,  MC 

Wilford  Hall  Medical  Center 

AFMS  Conference  -  2010  Aug 
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Characteristics 

HOCOB 

Sodium 

nitrite 

Few  serious  adverse  effects 

Simplicity  of  use 

Number  of  drugs  used 

Cost 

Efficacy 

? 

? 

_ 

k. 


'^r\^ 


>!^\S»5S.:'S§^  ^^wsx'^c,  '=H-5«5.\'^.. 


"V\ 
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Baseline 

Characteristics 

Hydroxocobalamin  +  ST 
group 

Sodium  nitrite  + 
ST  group 

Weight,  kg 

41.6±3 

42.7±5 

HR.  beats/min 

101±15 

100±14 

MAP.  mm  Hg 

78±8 

87±10 

CO,  L/min 

5.8±1.1 

5.7±0.8 

SV02,  % 

77±9 

78±7 

pH 

7.42±0,03 

7.44±0.03 

Hemoglobin.  g/dL 

8.05±1.0 

8.5±0.6 

Lactate 

1.2±0.8 

1.1±0.4 

Mean  arterial  pressure  over  time 


Time  (minutes) 


P<  0.0007 
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Results 

«)  Similar  mean  biochemical  markers  at  40  min 
Lactate,  base  excess,  and  pH 
Methemoglobin  at  40  minutes 
Sodium  nitrite  -  8.5% 

®  Hydroxocobalamin  levels 

Peaked  at  10  min,  with  50%  reduction  at  30  min 


Cyanide  levels  over  time 


14.0 


Time  (minutes) 


P<  0.001 


Conclusion 

®  In  our  acute  CN  toxic  hypotensive  swine  model 
0  Hydroxocobalamin  +  sodium  thiosulfate 

Led  to  faster  and  sustained  return  to  baseline  MAP 
as  compared  to  SN+ST 
It  significantly  reduced  cyanide  levels 
0  Given  HOCOB’s  lack  of  serious  adverse  effects 
It  may  be  best  choice  for  acute  cyanide  toxicity 
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Mean  arterial  pressure 


140 


0  - 1 - 1 - 1 - > - 1 - 1 - . - 1 - . - 1 - 1 - 1 - 1 - 1 - 

v<>  o  ^  ^  nP  ❖  •s*’  (p  «P  <>’  4> 


Time  (minutes) 


pH 


7.50 


— ♦-HOCOB+ST 
•4-HOCOB 


15 


5 


Proceedings  of  the  2010  AFMS  Medical  Research  Symposium 

Volume  4  Force  Health  Protection 


8/9/2010 


Lactate 


Conclusion 

@  In  our  acute  CN  toxic  hypotensive  swine  model 
®  Sodium  thiosulfate  is  not  effective  alone  for 
severe  cyanide  toxicity 
®  Hydroxo  and  Hydroxo+sodium  thiosulfate 

Led  to  similar  return  to  baseline  MAP  and  deaths 
Both  reduced  cyanide  levels 

©Given  Hydroxo 's  lack  of  serious  adverse  effects 
Hydroxo  alone  may  be  best  choice  for  acute  cyanide 
toxicity 


Cyanide  induced  cardiac  arrest 
study 


Intro  and  hypothesis 

®  Hydroxo  not  studied  In  CN-induced  cardiac  arrest 
No  clinically  relevant  model  for  drug  or  chemical 
induced  cardiac  arrest 

®  40%  of  cyanide  cases  are  In  cardiac  arrest 
0  AHA  -  cardiac  arrest  is  different  physiology  and 
pharmacokinetics  than  shock 


AnKrican  Heart 
Association. 


Learn  and  lae- 


Hypothesis 

0  Hypothesis  -  Hydroxo  will  improve  survival 
compared  to  controls  in  a  cyanide  induced 
cardiac  arrest  swine  model 
0  Primary  outcome  -  survival 
0  Secondary  outcomes 

Improvement  of  blood  pressure,  lactate,  and 
coronary  perfusion  pressure  with  HOCB  compared 
to  epinephrine  (EPI) 


Methods 

0  45  swine  (38-42  kg) 

Intubated,  anesthetized,  and  instrumented 
Continuous  arterial  and  right  atrial  pressure 

0  Cyanide  infusion  until  cardiac  arrest 

Random  - 15  pigs/arm 

i  I  I 

Control  (saline)  Hydroxo  (150  mg/kg)  Epi  (0.02  mg/kg) 
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Methods 

0  CPR  performed  with  a  chest  compression 
device 

0  Monitored  for  60  min  after  cardiac  arrest. 
0  Epi  infusion  was  used  in  all  arms  for 
hypotension  after  ROSC 


Table  1  Baseline  Data 


Characteristics 

Control 

Epinephrine 

Hydroxocobalamin 

Weight,  kg 

40±2.6 

4312.1 

4312.3 

Heart  rate,  beats/min 

89±9 

89117 

9019 

Systolic  blood  pressure,  mm  Hg 

lOOtll 

111113 

115114 

Mean  arterial  pressure,  mm  Hg 

79±10 

89112 

94113 

pH 

7.42±0.05 

7.4010.07 

7.4610.04 

Hemoglobin,  g/dL 

9±0.6 

8.311.0 

8.411.0 

Lactate 

l.OtO.8 

1.110.6 

1.110.5 

g/dL,  grams  per  deciliter.  Kg,  kilograms,  min,  minute  mm,  millimeters,  ST,  sodium  thiosulfate 
Data  presented  as  means  i  standard  deviation 


Mortality 

0  Control  -  No  animals  (0/15)  lived 
0  Hydroxocobalamin  -  73%(11/15)  animals  lived 
0  Epinephrine -73%  (11/15)  lived 
0  Both  treatments  improved  survival  over  control 

(p<  0.001) 


Summary 

0  Hydroxocobalamin  and  epinephrine  each 
improved  survival  compared  to  controls  in  our 
model  of  cyanide  induced  cardiac  arrest 
0  Hydroxocobalamin 

Improved  blood  pressure,  pH,  lactate,  and  cyanide 
levels,  and  reduced  the  use  of  epinephrine  infusion 
compared  to  the  epinephrine  group 
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Questions 


Vik  Bebarta,  MD 
LtCol,  USAF,MC 
Chief,  Medical  Toxicology 
WilfordHall  Medical  Center 
Vikhvat.bebarta@us.af.mil 
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Cold  Injury  in  Military  Population:  Current  Trends  and  Comparison  to  Past  Conflicts  with  Current 
Research 

5<  81  MSGS/SGCQ 
Capt  Andrew  Hall 

OBJECTIVE:  The  war  in  Afghanistan  represents  the  first  large-scale  conflict  involving  military  troops  in  a 
cold,  mountainous  climate  since  the  Korean  War.  An  analysis  was  conducted  to  identify  the  extent  of  cold 
weather  injuries,  especially  frostbite,  in  the  deployed  military  population.  DESIGN:  A  retrospective  analysis  of 
military  databases  was  conducted  with  tabulation  of  all  cases  of  cold  weather  injuries  in  Operations  Enduring 
Freedom  and  Iraqi  Freedom.  Casualties  reviewed  occurred  between  2001  and  2009.  RESULTS:  A  total  of  19 
cases  of  cold  weather  injury  were  identified  in  the  Afghanistan  conflict.  2  cases  of  frostbite  were  identified 
with  only  one  likely  requiring  surgical  intervention.  No  cases  were  identified  in  Iraq.  CONCLUSIONS:  The 
19  cold  weather  injuries  represents  a  dramatic  decrease  from  the  6300  cases  of  cold  weather  injury  seen  in  the 
last  major  cold  weather  conflict,  the  Korean  War.  This  is  due  to  the  shorter  and  weather  dependent 
engagements,  cold  weather  education,  and  improved  equipment  of  US  and  allied  personnel.  Discussion  of 
research  into  angiogenesis  using  omental  lipids  for  the  treatment  of  frostbite  and  wound  healing  will  also  be 
discussed. 
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Cold  Injury  in  Military  Population:  Current 
Trends  and  Connparison  to  Past  Conflicts  with 
Current  Research 


Capt.  Andrew  B.  Hall,  USAF  MC 
81^*  MSGS/SGCQ 


Overview 

•  Background  and  History 

•  Comparison  between  past  and  present 

♦  Discussion 

♦  Current  Research 


Cold  Injury  in  Military 

•  Cold  has  been  plaguing  military  forces  through 
recorded  history 

•  Hannibal- Crossing  the  Alps 
•  (Approximately  50%  casualties) 

M  ^  ^  1 

•  Washington-  Valley  Forge 

*  (Approximately  17%  casualties) 

•  Napoleon-  Retreat  from  Russia 

*  (Approximately  80%  casualties)  i 

^ 

Cold  Injury  in  Military 


Modern  Warfare  with  similar  casualties 

•  World  War  1-2,000 

•  World  War  II -91,000 

•  Korean  War -6,300  (5,000  in  1950-1951) 

Korean  War  was  first  war  where  epidemiology 
and  treatment  for  frostbite  thoroughly 
investigated 

Afghanistan  represents  our  first  large  scale 
conflict  in  a  cold  weather  theater  since  the 
Korean  War 
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Methods 

Results 

♦  Department  of  Defense  Registries  Searched  via  ICD  9 

•  Total  Reported  Cases:  19 

Code,  Name  of  Diagnosis  and  Abbreviated  Injury  Scale 

*  Frostbite:  2 

Code  (AIS) 

♦  Hypothermia:  17 

•  Trans  Com  Regulating  and  Command  and  Control 

lotion.  Month  Cold  Weather  Injury  Mechanisinof  Injury  j if  Know nj 

25.0EFJanuaiy  HyflOtherm^  Caught  in  River 

Evacuation  System  (TRACIES) 

21.  OEF,  January  Hypothermia  Caught  in  River 

•  JointTheater  Trauma  Registry  (JTTR) 

2d,  OEF,  March  Hypothermia  12  HOurj  in  mow  in  defensive  Position 

26.  OEF,  Feb  r  ua  ry  Hypothe  rmia 

•  D  ef  en  se  M  edi  ca  1  Epi  demi  ol  ogy  Database(DMED) 

2t  OEF,  January  Frostbite 

dd,  OEF,  February  Hypothermia 

•  Armed  Forces  Health  Longitudinal  Technology  Application 

20,  OEF,  February  Frostbite  Patrol  for  6  hours 

19,  OEF,  Jan  uaiy  Hypothe  rmia  Caught  in  Rive  r 

(AHLTA) 

35,  OEF,  Jan  uary  Hypothe  rmia  Caught  in  Rive  r 

♦  Al  1  cases  of  n  0  n  -e  nvi  r 0  n  m  e  nta  1  ca  u  ses,  if  id  e  n tif ie  d. 

35,  OEF,  October  Hypothermia  Submersion  in  Water 

dd,  OEF,  January  Hypothermia  Caught  in  River 

were  removed  (i.e.  burn  victims  in  summer) 

39,  OEF,  Ap  ril  Hypothe  rmia 

25,  OEF,  Jan  uaiy  Hypothe  rmia  Caught  in  Rive  r 

2d,  OEF,  J  uly  Hypothe  rmia 

2 1,  OEF,  Feb  r  ua  ry  Hypothe  rmia 

Comparison:  Basic  Temperature 


Comparison:  Basic  Temperature 


Temperatures  in  Afghanistan  are  warmer  then  then  Korea 
*  Changes  in  elevation  can  have  a  pronounced  effect  on 
temperature 


Real  world  frostbite  depends  on  duration  of  tissue 
exposure  to  cold 
•  I  ntercel  I  ul  ar  i  ce  format!  on  at  -2‘’C 
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Comparison:  Mobility 


Mobility  increased  greatly  in  Afghanistan  conflict 

♦  Mobility  increased  blood  flow  and  heat  generation 

♦  Uncommon  prolonged  engagements  in  Afghanistan 

*  Short  engagements  and  preplanned  retreat  when  ground/air  units 
arrive 

‘  Winter  weather  impedes  travel 

♦  Ad  Hoc  Defenses  with  persistent  engagement  in  Korean  Conflict 

*  75%  of  4*^  degree  frostbite  in  conditions  of  greater  then  7  hours  of 
immobility 


Comparison:  Mobility 


Notable  decrease  in  nunnbers  of  winter 
casualties  reflect  difficulty  of  winter  travel 


/ 


Comparison:  Education  |  Comparison:  Equipment 

*  Education  and  training  is  significantly  improved 

•  In  Korean  conflict  many  soldiers  were  111  trained  for 
prolonged  winter  engagements 

•  Modern  training  facilities  prepare  deployed  personnel 
for  winter  operations 

•  USMC  Mountain  Warfare  Training  Center 

•  United  States  Army  Alaska  Northern  Warfare  Training  Center 

•  Acclimation  to  environment  Is  unlikely  however  to 
play  a  significant  role 


♦  Winter  of  1950-1951,  winter  gear  was  not 
designed  or  distributed  for  the  experienced 
winter  conditions  i - 
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Discussion 


♦  JTTR  database  may  not  reflect  secondary  diagnoses  in 
larger  traumas 

♦  and  2"^  degree  frostbite  and  minor  hypothermia 
treated  in  theater  without  reaching  a  major  medical 
center 

♦  Details  of  injury,  location,  and  circumstances  missing 


Conclusions 

•  Dramatic  reduction  in  numbers  of  diagnosed 
cold  injuries 

♦  Reduction  due  to  multiple  changes  since  last 
cold  battlefield 

♦  Better  Mobility 

♦  Better  Training 

♦  Better  Equipment 


Total  incidence  of  tostbte -at  DeDho^itals  both  out^atent  and  irpaHent  daises. 


Conclusions 

•  While  allied  forces  have  currently  had  low 
numbers  of  casualties,  surgeons  still  must  be 
prepared  for  the  civilian  population 


1  Ninety  Afghan  frostbite  victims  have 
amputations 

(Rautefs)  -  Oocton  Mid  on  Sunday  lhay  have  ampul 
or  loes  of  mora  Itian  90  frosQiita  vKtrrH  In  wastam  t 
of  ttw  worst  winters  in  Mng  memory  engiifs  die  cou 

aled  die  fingers 
Afghanistan  as  one 
itiry. 

Pathology  and  Treatment  of  Frostbite 

♦  Pathology:  Progressive  vascular  ischemia  and  direct 
cellular  damage 

♦  Treatment: 

•  Don't  operate 

•  Rapid  rewarming  in  40*-42'’  C  water  for  15-30  minutes 

•  Anticoagulation  with  Heparin,  Aspirin,  t PA  shown 
experimentally  to  increase  tissue  survival 

•  Hyperbaric  oxygen  shown  to  anecdotally  improve  tissue 
survival 

•  Surgery  in  1-3  months  if  dead  tissue  remains 

♦  Current  Research:  omental  angiogenic  factors  injected 
to  injured  site  to  improve  tissue  survival 
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Angiogenesis  in  Frostbite 

♦  Omentum  facilitates  angiogenesis  after  abdominal 
injury 

♦  Refined  omental  lipids  have  been  shown  to  be 
angiogenic  and  improve  tissue  survival  in  previous 
research 

•  Takada  T,  et  aL  Effect  of  omental  lipid  fraction  on 
enhancement  of  skin  flap  survival,  Ann  Plast  Surg 
1998;41;70-74 

•  Nottebaert  M,  et  al.  Omental  angiogenic  lipid  fraction  and 
bone  repair.  An  experimental  study  in  the  rat,  J  Orthop  Res 
1989;7(2):157-169 

•  Goldsmith  H,  et  al.  Lipid  angiogenic  factor  from  omentum, 
JAMA  1984;252:2034-2036 


Angiogenesis  in  Frostbite 

•  Objective#! 

•  Verify  angiogenic  potential  of  rabbit  derived 
omental  lipid  fraction 

•  Using  Matrigel  angiogenic  assay 

•  Objective  #2 

•  Determine  effect  of  injected  omental  lipids  at  site 
of  frostbite. 
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Angiogenesis  in  other  conditions 

Bibliography 

•  Radiation  and  nornnal  injury 

•  Improved  biologic  mesh  incorporation 

♦  Hall  A,  Evans  K,  Pribyl  S.  Cold  Injury  in  the  U.S. 
Military  Population:  Current  Trends  and 
Comparison  to  Past  Conflicts.  Journal  of 

Surgical  Education  2010.  67(2):61-65 

Questions? 
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The  Association  between  Stress  and  Physical  Fitness  Testing  in  the  2005  Department  of  Defense 
Population  Survey 

United  States  Air  Force  School  of  Aerospace  Medicine  (USAFSAM) 

Lt  Col/Dr.  Valerie  Johnson 

OBJECTIVE:  The  purpose  of  this  study  was  to  examine  the  association  of  perceived  stress  and  passing  the 
fitness  test  in  a  cohort  of  Department  of  Defense  active  duty  members.  Reports  of  this  association  have  been 
suggested  in  numerous  articles.  METHODS:  The  2005  DoD  Survey  of  Health  Related  Behaviors  Among 
Active  Duty  Military  Personnel  was  used  to  examine  the  association  between  the  participants’  perceived  levels 
of  stress  from  family  and/or  work  related  sources  and  the  respondents’  last  required  fitness  test  taking  into 
account  potential  confounder  of  the  association.  Measures  of  association  were  obtained  from  logistic  regression 
models.  RESULTS:  Participants  who  experienced  “some”  or  “a  lof’  of  stress  either  from  work  sources  (OR 
0.69,  95%  Cl:  0.58-0.87)  or  from  personal/family  sources  (OR  0.70,  95%  Cl:  0.57-0.86)  were  less  likely  to  pass 
the  fitness  test  when  compared  to  their  counterparts  who  experienced  “none”  or  “a  little”  stress.  Additionally, 
those  who  reported  “some”  or  “a  lof’  of  stress  either  from  work  sources  (OR  0.54,  95%  Cl:  0.41-0.70)  or  from 
personal/family  sources  (OR  0.54,  95%  Cl:  0.44-0.67)  that  interfered  with  their  military  duties  were  also  less 
likely  to  pass  the  fitness  test.  The  multivariate  adjustment  only  slightly  reduced  the  unadjusted  association. 
CONCLUSIONS:  An  association  exists  between  perceived  stress  levels  and  outcome  of  fitness  testing.  The 
higher  the  level  of  stress  perceived,  the  less  likely  the  member  will  pass  the  fitness  test.  Stress-related 
intervention  might  be  useful  to  help  the  military  members  to  achieve  the  level  of  fitness  needed  to  perform  their 
duties. 


Approved  for  public  release;  distribution  is  unlimited.  311  ABG/PA  No.  10-202,  25  May  2010.1515 
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OVERVIEW 


STR  CSS  AN  D  P  HYSICAL  FfT  NESS  TEST  ING  IN  TH  E  2005  DoD  PO  P  UUTION  SU  RVEY:  IS  T  HER  E  AN  ASSOC  lATIO  N  > 


The  Association  Between  Stress  and 
Physical  Fitness  Testing  in  the  2005 
Department  of  Defense  Population  Survey 

24  Aug  2010 


Valerie  V.  T.  Johnson.  Lt  Col.  USAF.  MC.  SFS 
Resident  in  Occupational  Medicine 
USAFSAM/FEER 


Distri  bution  State  me  nl  A:  Ap  p  lowed  fa  r  pu  blic  release; 
distribution  is  unlimited.  311  ABG/PANo.  10-307. 5  AUG  10 
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BACKGROUND 


BACKGROUND 


STR  ESS  AN  D  R  HYSICAL  FITN  CSS  T  ESTI  MG  IN  T  HE  2005  DoD  l«  PU  LATIO  N  SURVEY :  IS  TH  ER  E  AN  ASSOCI ATK)  N  ? 

*  Military  =  Select  Group  of  Personnel 

*  Preservation  of  physical  fitness  &  mental 
health  =  military  readiness 

*  Mobile/Fit  and  Ready  Force 

*  DoD  initiated  Health  Behavior  Survey  series 
(DoD  Survey)  in  1980 

-  Monitor  general  health  trends 

-  Guide  health  &  substance  abuse 
programs/policies 

Distributbn  Ebtement  A  Approved  ibr  public  release; 
distribution  is  unlimited.  311  ABG/PA  No.  10-307.  5 AUG  10  3 


*  1986  DoD  created  health  promotion  policy  to 
improve  &  maintain  military  personnel 
readiness  &  quality  of  life 

-  Physical  fitness  and  stress  management 

*  2005  DoD  Survey  assessed  attainment  of 
health  promotion  goals 

*  Healthy  People  2010 


Distribution  Ebtement  A  Approved  tor  public  release; 
distribution  is  unlimited.  311  ABG/PA  No.  10-307.  5 AUG  10 
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BACKGROUND 


BACKGROUND 


STRESS:  HEALTH  IMPACTS 

-  “Allostatic  Load”  (McEwen,  1998,  2002) 

•  Factor  in  expression  of  disease  (“wear  and  tear'’) 

-  Result  in  behavioral  patterns  and  physiological 
reactivity  deleterious  effects  on  body 

-  Studies  have  suggested  that  chronic  or  recurrent 
state  of  stress  may  increase  the  risk  for  health 
problems 


SIR  CSS  AN  D  P  HiSKAl  FIT  HESS  TEST  IMG  IN  TH  E  2005  DoD  PO  P  UUTION  SU  RVEY:  IS  T  HER  C  AN  ASSOCIATIO  N  ? 

STRESS:  HEALTH  IMPACTS 

-  Fight  or  flight 

-  Past:  Protective 

-  Present:  chronic  life  stressors  can  overtax 
individual  resulting  in  physical  and/or  mental 
collapse  (McEwen,  1998) 


DistributcnSbtementA  Approved  for  public  release; 
distribution  is  unlimited.  311  ABG/PANo.  10-307.  5 AUG  10 
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BACKGROUND 


BACKGROUND 


STK  ESS  A  ND  PHYSICAL  FITH  ESS  TESTING  IN  TH  E  2005  Da  D  POP  UUT 10  H  SU  fiVCt:  IS  THE  HE  AN  ASSOCIATION  ? 

*  STRESS:  IMPACT  ON  PERFORMANCE 

-  Short  term  =  may  enhance  performance 

-  Chronic  exposure  =  negatively  affects 
performance 

-  Potential  decrease  in  physical  effectiveness 

-  Catabolism  =  a  decline  in  physical  fitness  and  or 
performance?  (Booth,  2006) 


STR  ESS  A  ND  PHYSICAL  FITN  ESS  TESTINO  IN  TH  E  2005  Da  D  POP  UUT  10  N  SU  RVCY:  IS  THE  RE  AN  ASSOCIATION  P 

*  STRESS  IN  THE  MILITARY 

-  Approximates  civilian  stress 

-  “Special  Stressors” 

*  increased  operational  tempo 

*  deployments 

*  prolonged  family  separation 

*  exposure  to  combat 
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BACKGROUND 


S7R  ESS  A  NO  RHKSCAL  FITN  ESS  TESTING  IN  TH  E  2005  DO  D  POP  UUT  K)  N  SU  RVEY:  IS  THE  RE  AN  ASSOCIATION  ? 


STR  ESS  A  ND  PHYSICAL  FITN  ESS  TESTING  IN  TH  E  2005  DO  D  POP  ULAT 10  N  SU  RVEY:  IS  THE  RE  AN  ASSOCIATION  ? 


•  PHYSICAL  FITNESS:  HEALTH  IMPACTS 

-  Significant  role  in  health  promotion  and 
maintenance 

-  Decrease  the  incidence  of  all-cause  mortality  and 
cardiovascular-related  deaths 

-  Lower  blood  pressure 

-  Positively  affect  glucose  homeostasis 

-  Ameliorate  hyperlipidemia 


•  MILITARY  PHYSICAL  FITNESS:  RELEVANCE 

-  Physical  conditioning  and  fitness 

•  optimizes  mission-specific  performance 

•  reduces  risk  of  Injury  in  the  warfighter 

-  Currently  engaged  in  a  large,  protracted,  and 
complex  combat  operations  around  the  world 
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STUDY  AIM 


METHODS 


SIR  ESS  A  ND  PHYSICAL  FITN  CSS  TESTING  IN  TH  E  2005  Da  D  POP  UUT  10  N  SU  RVEY:  IS  THE  RE  AN  ASSOCIATION  ? 


STR  ESS  A  ND  PHYSICAL  FITN  ESS  TESTING  IN  TH  E  2005  Do  D  POP  UUT  10  N  SU  RVEY:  IS  THE  RE  AH  ASSOCIATION  ? 


Examine  the  relationship  between  self- 
perceived  stress  levels  and  self-reported 
fitness  levels  in  a  sample  population  of 
Department  of  Defense  members 


Study  Design:  Cross-sectional 
Prevalence 

Data  Source:  2005  DoD  HRB  Survey 

-  April-August  2005 

Population;  AD  members,  four  branches 

-  Excluded:  PCS,  AWOL,  incarcerated,  recruits  and 
service  academy  cadets 
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METHODS:  Sample  Size 


INDEPENDENT  VARIABLES 


SIR  ESS  AN  D  P  WSICAL  Ffl  NESS  TEST  ING  IN  TH  E  2005  DOD  PO  P  UUTION  SU  PWET:  IS  T  HER  E  AN  ASSOCIATK)  N  ? 


STR  ESS  A  HD  PHYSICAL  FITH  ESS  TESTING  IN  TH  E  2005  Do  D  POP  ULAT  K)  N  SU  RVEY:  IS  THE  RE  AN  ASSOCIATION  ? 


*  Based  on  four  stress-related  questions 
“During  the  past  12  months,” — 

-  “how  much  stress  did  you  experience  at  work  or 
while  carrying  out  your  military  duties?”  (EDQ88) 

-  “how  much  stress  did  you  experience  in  your 
family  life  or  in  a  relationship  with  your  spouse, 
live-in  fiance,  boyfriend  or  girlfriend,  or  the  person 
you  date  seriously?”  (EDQ89) 
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INDEPENDENT  VARIABLES 


DEPENDENT  VARIABLE 


STR  ESS  A  ND  PHYSICAL  FITH  CSS  TESTING  IN  TH  E  2005  Da  D  POP  UUT 10  N  SU  RVEY:  IS  THE  RE  AN  ASSOCIATION  ? 


*  stress-related  questions  (cont-) 

“During  the  past  12  months,” — 

-  “how  much  did  stress  at  work  interfere  with  your 
ability  to  perform  your  military  job?”  (EDQ90) 

-  “how  much  did  stress  in  your  family  life  interfere 
with  your  ability  to  perform  your  military  Job?” 
(EDQ91) 

«  Participants'  responses  were  grouped  into 

-  “None” 

-  “A  little.  Some  or  A  lot” 

Distri  bution  State  me  nt  A:  Ap  p  roved  fo  r  pu  blic  release: 
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Result  of  fitness  test 

-  “Did  you  pass  your  most  recent  physical  fitness 
test?”(EDQ127) 

Participants'  responses  were  grouped  into 
“No”  and  “Yes” 
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COVARIATES 


^  STATISTICAL  ANALYSIS  ^ 


SIR  ESS  A  NO  RHKSCAL  FITN  ESS  TESTING  IN  TH  E  2005  DO  D  POP  UUT  K)  N  SU  RVEV:  tS  THE  RE  AN  ASSOCIATION  ? 


Sociqdemoqraphic 

variables 

•  Age 

*  Gender 

•  Ethnicity 

*  Education 

«  Marital  Status 


Occupational  variables 

*  Branch  of  service 

•  Rank/Paygrade 

«  Deployment  past  3  years 


Behavioral  variables  {No  or  Yes) 

•  Alcohol  Use  (Heavy  Drinker) 

•  Tobacco  Use  (Recent  Smoker) 

«  BMI  (Obese) 

•  Activity  (Routine  Exerciser) 
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Descriptive  statistics- 

-  weighted  samples 
Univariate  analysis- 

-  outcome  variable  “fitness  test  result” 

-  four  stress -related  predictor  variables 
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^  ^  STATISTICAL  ANALYSIS 


STR  ESS  A  ND  PHYSICAL  FITN  CSS  TESTING  IN  TH  E  2005  Da  D  POP  ULAT  10  N  SU  RVEY:  IS  THE  RE  AN  ASSOCIATION  ? 

Multivariate  analysis  model- 
(covariates  included  if) 

-  not  highly  correlated  (>0.7)  with  other  covariate, 
and 

-  if  they  were  significantly  associated  (p£0.25)  with 
the  outcome  in  unadjusted  regression  analysis 

High  correlation  (0.67)- 

-  education  level  and  rank/paygrade 


Results- 

—  odds  ratios  (OR)  with  respective  95%  confidence 
intervals  (95%CI) 

The  statistical  software  package- 

-  STATA  ©  version  10.0  (STATA  Corp.,  College 
Station,  TX) 
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STR  ESS  AN  D  P  WSICAL  FFT  NESS  TEST  INC  IN  TH  E  20(15  DOD  PO  P  ULATION  SU  EVEV;  IS  T  HER  E  AN  ASSOCIATIO  N  P 

Table  1.  Main  sample  characteristics  (n=12,860),  2005  DoD  survey^ 


Crarhcteristcs 

Urwei^ed 

sampe 

01-12860) 

Weigrted 

simple 

(MOSChJ) 

twei^iiied 

PefCdthgem" 

Passed  last  Alness  test 

No 

774 

56,944 

7.1 

Tfes 

12,086 

748,699 

92.9 

S  less  experienced  atwcrk/militarydeties 

Noie 

1,493 

94,223 

11.7 

Alille.  Some  (T  A  lot 

11,367 

711,420 

88.3 

S  less  experienced  in  farrily/peisonal  life 

Noie 

2,627 

173,768 

21.57 

Alille.  Some  cr  A  lot 

10,233 

631,875 

78.43 

Werk stress  Interfering wiiti  irililaryjob 

Ndie 

6,198 

365,137 

45.32 

AIHle,  Some  (T  Alai 

6,662 

440,506 

54.68 

Familyslress  inter  fering  with  mili&ry  job 

Ndie 

8,060 

497,244 

61.72 

AlHie,  Same  (T  Alai 

4,800 

308,400 

38.28 

■The  OOii  Oe|Bi«TKi«  Oefcne  Suivey  olHdh  Hflatel  edswn  amiig  MKt  Duty  MNay  Petsmd. 
‘Peraaih  jes  gp  hi  Tin  Aie  te  ratniki} 


STR  ESS  AN  D  P  HTSICAL  FIT  NESS  TEST  INC  IN  TH  E  20(35  DOD  PO  P  ULATION  SU  RVET:  IS  T  HER  E  AH  ASSOCIATIO  N  ? 

Table  2.  Sample  covariates  (n=12,800},  2005  DoD  survey^ 


Characteristics 

Uv^eighted 

semple 

»>-12i86<3l 

Wetted 

m-805j6M1 

Wetted 

Pefcertaqe(K)‘ 

Sixiodemogaphic 

Gender  trtlale) 

9557 

693.391 

359 

17-30 

992 

109,169 

135 

21-25 

3210 

254,301 

315 

36-34 

3533 

252,303 

31.4 

35+ 

5.130 

139,470 

235 

Ethnicity 

Ndi-Hispatic  While 

3.163 

536.052 

66.5 

Nor- Hisparic  Slack 

1947 

130.923 

162 

Hisparic 

1503 

63967 

3.5 

Other 

1242 

70996 

3.7 

Education 

SchacJ  arless 

3223 

362.122 

32.5 

Same  Cdlege 

5567 

954.655 

44.0 

CdlegearMare 

4970 

133.367 

23.4 

Marital  Status 

NolMdTied 

4.733 

X3,529 

445 

Manied ,  spaiee  not  fresail 

934 

43569 

6.0 

lUaried.spause  pieseni 

7.143 

393.445 

495 
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Table  2.  Sample  covariates  (n=12,86tl),  2005  DoD  survey CONTINUE D)-- 


Characteristics 

Unweighted 
sample 
{rp  12.3501 

Urbighted 

sample 

1rFa05  5431 

Weghbd 

Perce  n  age 

Occu  patio  nai 

Branch  of  Service 

Army 

2,897 

257299 

31.9 

Navy 

3,492 

206,385 

25.6 

lif  arine  Corps 

2,745 

102,182 

12.7 

Air  Force 

3,726 

239,777 

29.8 

Rank  (EnHstedD 

9,443 

658,820 

81.8 

Deployment  within  past  3  years  (Yes) 

7,552 

454,565 

56.4 

Behavbral 

Heavy  Drinker^  (Yes) 

1,954 

150,129 

18.6 

Recent  Smoker^  (Yes) 

3,346 

255,778 

31.8 

Obese*  (Yes) 

1,467 

93,997 

11.7 

Routine  EiierciseF  (No) 

2,818 

177,079 

220 

’The  ^5  OeiBrtTKrt  Oeferae  Surv^  of Hdti  Rdated  fidswis  amng  Duty  Mll^  Persa 

raising.  as  onsfTvl^iofrmre  hoi  «i«9ne  ocasn  attastmceaweAi 

omvVkp^  3D  as  2  3(1  lo^Vrf^.'Oeined  BiBvtig  performed  moderabe  or 

md.  *  P'9cer«age  nsyndt  add  to  1(10  rfjc  bo 

n  the  pBt30  *  OdnoJ  as  Imiig  smdoed  a 

if^rous  coa<BS  fv  atteBt  30  rnnUbe^  a  rnmuni 
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Table  3.  Unadjusted  association  between  the  stress  related  variables  and  passing 
fitness  test  (n=12,800)  in  the  2005  DoD  Survey  * 


Characteristics 

% 

Odds  Ratio(9G%  CD 

p -value 

Stiess experienced  at  work/militaty  duties 

None 

93.8 

1.00 

A  little,  some  or  a  lot 

92.8 

0.86  (0.67, 1.11) 

0.240 

St  less  experienced  in  family/personal  life 

None 

93.9 

1.00 

A  liltle,  some  or  a  lot 

92.7 

0.82(0.61,1.09) 

0.168 

Work  stress  interfering  with  military  job 

None 

94.8 

1.00 

Alile,  some  or  a  lot 

91.4 

0.59  (0.45,0.77) 

<0.001 

Family/Personal  Stiess  interfering  with  militaryjob 

None 

93.8 

1.00 

Alile,  some  or  a  lot 

91.5 

0.72  (0.60,086) 

0.001 

"The  2005  Department  of  Defense  Suivej(  of  Health  Related  Behaviors  among  Active  Duty  Military  Personnel. 
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Table  4.  Unadjusted  association  between  covariates  and  passing  fitness  test 
(n=12,86h)  in  the  2DD5  DoD  Survey  * 


STR  ESS  AN  D  P  HVSICAL  FIT  NESS  TEST  ING  IN  TH  E  2005  OOO  PO  P  ULATIOH  SU  IVEY:  IS  T  HER  E  AH  ASSOCIATK)  N  ? 

Table  4.  Unadjusted  association  between  covariates  and  passing  fitness  test 
(n=12,860)  in  the  20D5  DoD  Survey  > (CONTINUED)- 


Characteristics 

% 

Odds  Ratio  (95%  Cl) 

p-value 

Sociodemcnraphics 

Gender  (Male) 

33.53 

1.00 

Female 

89.25 

0.57  (0.42, 0.79) 

0.001 

Age  Category 

17-20 

89.42 

1.00 

21-25 

92.36 

1.43(0.98,2.08) 

0.060 

2&34 

93.8 

1.81  (1.28,2.57) 

0.001 

35P 

94.46 

2.02  (1.30. 3.13) 

0.002 

Race/Ethnicity 

Nor>-H  is  pamic  White 

92.91 

1.00 

Non-H  is  panic  Black 

92.09 

0.89  (0.70, 1.12) 

0.306 

Hispanic 

94.12 

122(0.85,1.76) 

0.273 

Other 

92.93 

1.09(0.83, 1.44) 

0.518 

Maritarstatus 

Not  Married 

92.35 

1.00 

Mar,  spouse  not  present 

90.82 

0.82  (0.52, 1.29) 

0.484 

Mar,  spouse  preserr^t 

93.71 

12411.02^.50) 

0.032 

Characteristics 

% 

Odds  Ratio  (95%  CO 

p-value 

Occupational 

Service 

Atw 

94.29 

1.00 

Naw 

91.78 

0.68  (0.55. 1.02) 

0.060 

Marine  Corps 

96.03 

1.46  (0.98, 2,19) 

0.063 

Air  Force 

91.14 

0.62  (0.44, 0.89) 

0.010 

Paygrade  (Enlisted) 

91.69 

1.00 

Officer 

98.52 

6.06  (4.01, 9.15) 

■50.001 

Deployment  within  past  3  years  (No) 

92.63 

1.00 

Yes 

93.17 

1.08  (0.90, 1.31) 

0.390 

Behavbral 

Heavy  Drinkei”  (No) 

92.93 

1.00 

Yes 

92.93 

1.00  (0.72, 1.39) 

1.000 

Recent  Smoker*  (No) 

93.71 

1.00 

Yes 

91.27 

0.70(0.58,0.85) 

0.001 

UD6S6  (dMI230J^(NO/ 

Yes 

78.25 

0.19  (0.15. 0.24) 

0.001 

Routine  Exercisei*  (No) 

91.02 

i.oo 

Yes 

awedcnVK  <0«ineds 

madoafe  JtloatSQ  nwu^a  rmnw 

93.47  1.41  (1.21, 1.65) 

mniJ  (mesa  week. 

0.001 
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Table  5.  Adjusted^  association  between  stress  exposures  and  passing 
fitness  test  (n=1 2,860})  2005  DoD  Survey” 


Characteristics 

Odds  Ratio 

(9S%C|| 

p-value 

Stress  eKperienced  at  wiorkfmilitaiy  duties 

None 

1.00 

A  little,  some  or  a  lot 

0.86 

(0.66,1.11) 

0239 

Stress  experienced  in  family/personal  life 

None 

1.00 

A  little,  some  or  a  lot 

0.89 

(0.65, 120) 

0.431 

Work  stress  interfering  with  miiitaryjob 

None 

1.00 

A  life,  some  or  a  lot 

0.69 

(0.52, 0.90) 

0.008 

Family/Personal  Stiess  interfering  with  miiitaryjob 

None 

1.00 

A  little,  some  or  a  lot 

0.80 

(0.67, 0.97) 

0.021 

<M|ii9fe<l  Iran  the  wiOiles  9nwi  in  TaUe  THIS  Oepitno*  Oefene  Stiivey  olHahFMabeeedBmnanHnj  MKt  0i«y  MNBy  Penmd  - 


*  Associated  with  less  likelihood  of  passing 
fitness  test  (i.e.,  failure): 

-  Work  stress  interfering  with  miiitaryjob 

-  Famiiy/Personai  Stress  interfering  with  military  job 

*  No  association  established  with  fitness  test 
result: 

-  Stress  experienced  at  work/miiitary  duties 

-  Stress  experienced  in  famiiy/personai  life 
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STRESS  AND  PHYSICAL  FITNESS  TESTING  IN  THE200S  DOD  POPULATION  SURVEY:  IS  THERE  AN  ASSOCIATION? 


«  Supporting  research  exploring  the  effects  of 
the  stress  on  physical  fitness  (though  limited) 

-  increase  in  tissue  catabolism  and  physical  fatigue 
associated  with  military  training  stress  (Booth,  et 
al.,2006) 

-  presence  of  adverse  obstetric  outcomes  from 
women  with  high  levels  of  perceived  personal 
stress(Haas  and  Pazdernik,  2006) 
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STRENGTHS 
Large  sample 
population 
Anonymous  survey 
Cross-sectional  study 
*  more  economical  and 
feasible  time  period  than  a 
prospective  study 

Previously  validated 
survey 


WEAKNESSES 
Limited  to  Military 
Population 

•  Selected,  may  not  be 
generalizable 

•  'Selection  Bias  ' 

Bias 

•  Recall  (survey) 

•  Reporting  (attribution?) 
Cross-sectional  study 

•  Temporal  relationship  cannot 
be  established 

Stress  not  well  defined 
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STR  ESS  A  ND  PHYSICAL  FITN  ESS  TESTING  IN  TH  E  20(35  Da  D  POP  UUT  10  N  SU  RVEY:  IS  THE  RE  AN  ASSOCIATION  ? 


Temporal  relationship  (-) 

-  Cross-sectional  study  design 
Strength  of  the  association  (+) 

-  Odds  Ratio 
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This  study  derived  from  the  2005  DoD 
Survey  of  Health  Behaviors  Among 
Military  Personnel  has  yielded  that  there 
is  an  association  between  higher  levels 
of  perceived  stress  and  lower  fitness 
performance 

-  Interventions  addressing  stress-related  factor 
might  prove  beneficial  in  order  to  increase  military 
readiness 
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V  ADDITIONAL  RESEARCH 


REFERENCES 


STD  ESS  A  ND  PHYSICAL  FITN  ESS  TESTING  IN  TH  E  20(35  tn  D  POP  ULAT 10  N  SU  RVEY:  IS  THE  PE  AN  ASSOCIATION  ? 

Improve  definition  of  stress  (be  more  specific) 

-  Work:  deployment-related,  supervisor  interactions, 
co-worker  relationships,  excessive  workload,  and 
extended  hours  (>45  hours  per  week) 

-  Personal:  problems  with  the  spouse  or  partner  (i.e., 
marital  strife),  child  conflict,  illness  in  the  family, 
financial  concerns,  and  school/educational 
pressures 


Complete  list  of  references  listed  in  original 
document. 

-  Gordis,  L.  (2009) .  From  Association  to  Causation: 
Deriving  Inferences  from  Epidemiologic  Studies.  In 
Ep/dem/o/ogy(4^^  ed.)  (pp.  227-246).  Philadelphia: 
Saunders  Elsevier. 

-  Gordis,  L.  (2009) .  From  More  on  Causal  Inferences: 
Bias,  Confounding,  and  Interaction.  In 
Epidemtofogy{4^^  ed.)  (pp.  247-263).  Philadelphia: 
Saunders  Elsevier. 
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The  Error  Rate  of  the  Pushup  Component  of  the  USAF  Fitness  Assessment 
19^*^  Medical  Operations  Squadron  (MDOS),  Little  Rock  AFB,  AR 
Maj  Eric  Wilson 

PURPOSE:  To  determine  the  Error  Rate  (ER)  of  the  pushup  component  of  the  USAF  Fitness  Assessment. 
Numerous  changes  have  recently  occurred  to  the  USAF’s  fitness  program.  With  failure  rates  rising  steadily, 
there  is  no  reliability  data  to  date  on  the  test’s  most  disputed  content  area.  METHODS:  Eight  videos  were 
made,  each  showing  an  individual  performing  one  minute  of  maximum  pushups  while  wearing  one  of  the 
USAF  fitness  uniforms:  t-shirt,  long-sleeved  shirt,  sweatshirt,  and  jacket.  Two  videos  were  made  for  each 
subgroup.  Ninety-two  subjects  undergoing  PTE  training  (initial  n=52;  refresher  n=40)  viewed  each  of  the  eight 
videos  once  in  random  order  and  recorded  the  correct  number  of  pushups  performed.  The  Fitness  AFI  for 
pushup  testing  was  read  prior  to  viewing  the  videos.  The  primary  investigator  assessed  the  correct  number  of 
pushups  by  viewing  the  videos  at  %-speed  with  a  grid  overlapping  the  screen  to  assess  elbow  angles. 
RESULTS:  ER  was  calculated  for  each  subgroup  (Mean,  Standard  Deviation,  Range).  The  ER  exceeded  the 
number  of  pushups  correctly  performed  in  every  subgroup.  DISCUSSION:  A  trend  in  over-counting  correct 
pushups  was  observed.  Clothing  had  a  significant  effect  on  subject  accuracy  with  t-shirts  demonstrating  the 
lowest  ER  compared  to  other  subgroups.  Exercise  cadence,  clothing  variations,  training  and  operational 
definitions  are  error  sources  contributing  to  the  current  grading  criteria’s  inconsistent  implementation.  Air 
Force  training  should  emphasize  performance  and  recognition  of  appropriate  form  and  a  “tie  goes  to  the  runner” 
approach  for  testing. 

Future  considerations  include  redefining  the  operational  definition  and  allotted  time  for  the  pushup  test. 
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The  Error  Rate-of^ho-PtrslTup 
Component  of  the  USAF 
Fitness  Assessment 

Jon  Eric  Wilson,  Maj,  USAF,  BSC 
Physical  Therapy  Flight  Commander 
Little  Rocl<:AFB,AR 

Richard  Zaruba,  PT,  PhD 
Physical  Therapy  Element  Chief 
Minot  AFB,  ND 


Bottom  Line  Up  Front 


The  pushup  assessment  is  not  a  reliable  method  for 
assessing  muscular  fitness  of  the  upper  body 
Sources  of  error  include 

•  Cadence  of  the  exercise 

•  Clothing  worn 

•  Training  (graders  and  examinees) 

•  Subjective  grading  criteria 


Purpose 


•  To  determine  the  error  rate  of  the  pushup  component 
of  the  USAF  Fitness  Assessment. 


Why? 

Numerous  changes  have  been  made  to  the  Fitness  AFl 
Failure  rates  are  rising 

To  date,  there  is  no  reliability  data  on  the  pushup  assessment 
Pushup  assessment  is  most  difficult  component  to  grade 
(a  lot  to  observe  as  a  grader) 

*  Up  position:  elbows  straight 

*  Down  position:  elbows  at  least  90  degrees 

*  Body  must  remain  rigid  during  assessment 

*  Incorrect  pushup?  Count  last  rep  and  explain  what  is  being  done 
incorrectly 

*  Personnel  <40  years  old,  average  1  pushup  every 

•  1-05  seconds  (male) 

•  1.30  seconds  (female) 
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Exercise 

Pushup  Verbal  Instructions;  AM 

•  You  must  lower  your  upper  body  until  your  upper  arm  is  at 
least  parallel  to  the  floor  and  elbou^  bent  at  90  degrees 
before  pushing  back  up  to  the  starting  position.  If  you  do 

not  come  down  that  far  the  push-up  will  not  count. 

•  Start  in  the  up  i>usition  with  your  elbows  fully  extended, 
feet  no  more  than  12  inches  apart,  anti  your  weight 
supported  by  your  arms  and  toes.  You  must  keep  your  back 
straight  at  all  times  and  lower  your  upper  body  until  your 
upper  arm  is  at  least  parallel  to  the  floor,  then  return  to  the 
up  position  with  arms  fully  extended.  This  is  one 
repetition. 

•  Resting  mii.st  he  done  in  the  UP  position. 


15-Second  Assessment:  Exercise 

*  Pushup  Video 


How  Many  Correct  Pushups?  Pushup  Standards:  Old  vs.  New 

MALFfi  FFMAliiS 


Age 

Old  Mux 

Age 

Neiv  Max  & 

Age 

OU  Mh3C 

AgL' 

<30 

'33 

<25 

<30 

£47, +18 

257 

>j\i 

30*34 

^5* 

30-39 

30-34 

240 

30-39 

246,  '14 

35-39 

35  39 

230 

40-44 

240 

40-49 

244.  ^21 

40-44 

?20 

40-49 

238,  'll 

45*49 

45-49 

2i8 

50-54 

239 

50-59 

^44.  '>5 

50-54 

^16 

50-59 

235.  '9 

55+ 

a^35 

55+ 

2M 

6cm- 

230,  'b| 

6oi 

221.  +7 

'Minimum  scores  «  5  points 
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New  AFI:  Consequences  of  "Poor"  Score 


*  Unit  CC  may  initiate  (enlisted)  or  recommend  (officer) 
admiiiistrdLLve  discharge  of  d  member  when; 

•  9.1. 5.1.1.  Uhe  member  has  accraed  the  second  of  two 
consecutive  unsatisfactory  fitness  assessment  scores:  and 

•  9.1. 5.1.2. 1’he  CC  finds  that  the  member  failed  to 
demonstrate  significant  improvement  (as  determined  by 
the  CC)  despite  the  conditioning  period;  and 

•  9.1. 5.1.3.  tvaluation  by  a  military  health  care  provider  has 
ruled  out  medical  conditioas  precluding  the  member 
from  achieving  a  passing  .sa>re. 


Methods:  Overview 


•  Subjects  undergoing  Physical  Training  Leader  (PTL) 
trail  ling  were  shown  8  videos  of  Airmen  performing  1 
minute  of  maximum  effort  pushups. 

•  They  had  to  identify  the  number  of  correct  pushups 
performed  in  each  video. 

•  The  fitne.ss  AFI  on  appropriate  pushup  as.sessment  was 
read  to  each  group  prior  to  data  gathering. 

•  Videos  were  shown  in  random  order  for  each  group. 


Methods:  Videos 


•  8  videos  were  made 

•  Each  showed  1  minute  of  maximum  effort  pushups 

•  Camera  at  head  height  in  the  "up"  position  of  the  Lest 

•  Distance  from  camera  to  subject  staiidarcfized 

•  4  subgroups  of  videos,  2  for  each  variation  in  uniform 

•  T  Shirt 

•  Long  Sleeve  Shirt  Under 'F  Shirt  (UnderArmor,  etc) 

•  Sweatshirt 

•  Jacket 


Methods:  Sample 


•  n=92  undergoing  Physical  Training  Leader  (PTL)  training 

•  n=5z  initial  training 

*  n=4ti  refresher  training 

•  Gender:  52%  Male 

•  Mean  Age:  27 

•  Average  Rank:  Senior  Airman  (E-4) 

•  Mean  Time  in  Service:  43  months 

•  Subjects  did  not  know  this  assessment  was  part  of  a  .study. 
They  believed  it  was  part  of  their  PTL  training. 
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Methods 

Study  Data 

■  Determining  correct  number  of  pushups  per  video 

Cloiliiue 

Artii^l 

Co  Lint 

Mean 

ElTOr 

sta 

Eiror 

Hnnge  1 
Eii^i'  1 

■  Piamary  investigator  assessed  each  video  at  2^%  speed 

[jicLictA 

2 

i^.Si 

o  40 

•  Grid  overlaying  screen  to  measure  elbow  angles  in  the 
up  and  down  posit  ions 

•  All  eight  videos  watched  consecu Lively  and  scores 
recorded  on  separate  piece  of  paper 

JjickKt  B 

ts 

S.Si 

0  42 

LtPiig&lutvicA 

14 

8.4^ 

54 

Luug&lL-ew  B 

4 

10.13 

0  ^ 

SweatsliiiiA 

1 

3  3S 

Swealsliii'L  B 

2 

iX2<j 

11.02 

0  43 

•  Each  video  was  scored  5  times 

T-shirt  A 

4 

8.73 

0-31 

•  Number  of 'correct”  pushups  was  mean  of  5  viewings 

1  -shirt  n 

iR 

5.05 

5.n 

0  -  yjq 

•  100%  agreement 


Precision  vs.  Accuracy  Accuracy  &  Precision  Precision  without  Accuracy 

•  Precision:  reproducible  performance 

•  Marksmanship:  how  cJose  you  can  group  your  shots 
■  Accuracy:  quality  of  being  near  to  tlie  true  value 

*  Markijiiidiiijliip:  how  close  Lo  llie  bulls-eye  you  gel  your  kIioIs 
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Results 

No  significant  difference  between  new  PTLs  and 
experienced  PTLs 

All  groups  have  positive  mean  error  rate 

All  groups  have  large  range  and  std  dev  of  error 

Clothing  significantly  decreased  accuracy  of  grading 


Interpretation  -  Experience 


Experience  was  not  a  significant  factor  in  accuracy  of 
grading 

Experienced  PTLs  demonstrated  higher  error  rates  in 
5/8  groups 

Over  Counting:  “Good  Enough”  vs  “Correct  Form” 


Interpretation  -  Clothing 

Clothing  had  a  significant  effect  on  the  PTL's  ability  to 
accurately  grade 

Groups  with  T-shirt  demonstrated  lowest  mean  error 
rate  of  5.05  and  6.10 

API  allows  large  variation  in  clothing 
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Interpretation  -  Training 


•  Training  not  adequate  to  accurately  grade 

•  Average  mean  error  varied  from  5.05  to  32.93 

•  Average  range  error  varied  from  25.0  to  42.0 

•  Current  method  of  training/grading  may  be  unrealistic 


Possible  Cause  of  Errors 


•  Speed  vs  Form 

•  Push  ups  are  done  so  fast  causing  poor  form  (examinee) 

•  DifTicuh  lu  ricx.  uralely  cleleniiiiie  turrect  form  (gracltr) 

•  Clothing  Variation 

•  Bulky  clothing  creates  difficulty  for  grader  to  identify  correct 
form 

•  Current  grading  criteria 

•  'Ibo  subjective  to  be  implemented  and  graded  consistently 


Possible  Solutions:  Short-Term 


•  Shift  Focus  througli  training 

•  Away  from  ''maximum  pushups'  able  to  perform'*  to 

•  Maximum  pushups  grader  can  accurately  count 

•  Fit  Test  preparation  commensurate  uith  UCI 

•  Educate  Airmen,  PTLs,  and  FACs  of  errors  inherent 
with  current  method 

•  Commanders  advocate  “tie  goes  to  examinee*'  standard 

•  Stress  importance  of  testing  in  T-shirts 

•  Bulkier  clothing  =  harder  for  grader 


Possible  Solutions:  Long-Term 


•  Use  of  similar  videos  during  FAC/PTL  training 

*  Graders  must  demonstrate  sufficient  &  sustained 
levels  of  accuracy  in  grading  Lhe  pushup  coniponciit 
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Possible  Solutions:  Long-Term 


•  Increase  time  allotted  to  90  seconds 

•  Will  continue  to  assess  immediate  &  short-term  non- 
oxidaiive  energy  systems  without  contribution  of 
aerobic-oxidative 

•  Decrease  overall  cadence  of  exercise  which  will 
improve  grader  accuracy 


Possible  Solutions:  Long-Term 

Change  operational  definition  of  pushup  assessment 
*  American  College  of  Sports  Medicine  (ACSM) 

1.  Stan  in  "down  position” 

2.  1  rep  =  raise  body  until  elbows  extended,  lower  body 
until  chin  touches  ground  (stomach  may  not  touch) 

3  Back  must  be  straight  at  all  limes 
.]  Maximum  consecutive  reps  without  rest 

5.  Test  stopped  when  the  examinee: 

Strairw  forcibly  or 

Cannot  maintain  proper  technique  within  2  reps 

6.  Modification  for  females:  pivot  point  on  knees  vs.  toes 


Possible  Solutions:  Long-Term 

American  College  of  Sports  Medicine  Scoring  Criteria 


Causes  of  Errors  vs.  Solutions 


*  Modificatiowi  maybe  required  for  USAF  use 


Category  ACE 


Gender 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

Excellent 

36 

30 

30 

»7 

,»5 

M 

21 

21 

18 

17 

Very  Good 

35 

?-9 

29 

26 

24 

23 

20 

20 

»7 

ifi 

21 

22 

20 

»7 

15 

13  ^ 

u 

u 

12 

Good 

20 

21 

*9 

16 

M 

12 

10 

10 

11 

22 

15 

»7 

n 

»3 

u 

10 

7 

8 

5 

Fair 

21 

M 

16 

12 

12 

10 

9 

6 

7 

4 

1*7 

10 

12 

8 

10 

5 

7 

2 

5 

2 

Needs  Improvement  1 16 

9 

u 

7 

9 

4 

6 

1 

4 

1 

SnllilioilH 

of  Errors 

Exercise 
cadence  too 

Clothing 

varUttioiis 

Grading 
criteria  too 
Subj[.;r!ivv: 

TVatning  Examinee 

Training  Grader 

T-shirt  use 

90  sec  time  limit 

ACMS  guidelines 
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Limitations  of  Study 


•  Unequal  group  numbers. 

•  Number  of  push  ups  done  differs  between  conditions. 

•  Number  of  push  ups  done  correctly  and  incorrectly 
differ  between  conditions 

•  Different  subjects  used  for  each  conditions. 


Future  Directions  of  Study 


Future  study  changes: 

♦  Equal  number  correct  and  incorrect  pushups  done  in 
random  manner  for  each  condition. 

♦  Intra-rater  and  inter-rater  grading  will  be  performed  to 
determine  consistency. 

♦  Larger  number  of  subjects 

Possible  future  study  changes/additions: 

♦  Use  of  model  with  different  body  types  to  determine 
effect 

♦  Use  of  Male  and  female  models  to  determine  effect 


Questions? 


eric.wilson@lLttlerock.af.mil 

i?ichard.zaruba@minot.afinil 
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Effects  of  sit-up  training  versus  core  stabilization  exercises  on  sit-up  performance:  A  cluster  randomized 
trial 

US  Army-Baylor  Doctoral  Program  in  Physical  Therapy 

Lt  Col  John  Childs,  Deydre  S.  Teyhen,  Timothy  M.  Benedict,  Jamie  B.  Morris,  Andrew  D.  Fortenberry, 
Rene  M.  McQueen,  Jane  B.  Preston,  Alison  C.  Wright,  Jessica  L.  Dugan,  Steven  Z.  George 


PURPOSE:  Core  stabilization  exercises  target  abdominal  and  trunk  muscles  without  the  excessive  loading  that 
occurs  during  sit-ups.  However,  core  stabilization  exercise  programs  (CSEP)  have  not  been  widely  adopted  in 
the  U.S.  Army  because  of  the  perceived  deleterious  impact  they  would  have  on  performance  during  the  Army 
Physical  Fitness  Test.  The  purpose  was  to  determine  whether  performing  CSEP  in  lieu  of  sit-ups  during 
physical  training  would  have  detrimental  effects  on  sit-up  performance  and  passing  rates  on  the  fitness  test. 
METHODS:  Soldiers  (N=2616)  between  18-35  years  of  age  were  randomized  to  receive  a  traditional  exercise 
program  (TEP)  with  sit-ups  or  CSEP.  Subjects  with  a  previous  history  of  low  back  pain  or  other  injury 
precluding  participation  in  training  were  excluded.  Training  programs  were  completed  four  times  per  week  over 
12  weeks.  Performance  was  assessed  at  baseline  and  12  weeks.  RESULTS:  Both  groups  demonstrated 
significant  improvements  in  sit-up  performance  and  overall  fitness  scores  over  time  (P<0.001).  There  was  no 
significance  between  group  differences  in  overall  fitness  scores  (P=0.142)  or  sit-up  performance  (P=0.543). 
However,  CSEP  resulted  in  a  significant  improvement  in  sit-up  passing  rates  by  5.6%  compared  to  3.9%  for  the 
TEP  group  (P=0.004).  CONCLUSION:  There  was  a  small  but  significantly  greater  increase  in  sit-up  pass  rate 
in  the  CSEP  (5.6%)  versus  the  TEP  group  (3.9%).  Incorporating  CSEP  into  Army  physical  training  does  not 
increase  the  risk  of  suboptimal  performance  on  the  Army’s  fitness  test  and  may  offer  a  small  benefit  for 
improving  sit-up  performance. 
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Effects  of  Traditional  Sit-up  Training  Versus 
Core  Stabilization  Exercises  on  Short-term 
Musculoskeletal  Injury  Rates  in  US  Army 
Soldiers:  A  Randomized  Clinical  Trial 
(NCT00373009) 

V  J  Lt  Col(sel)  John  D.  Childs,  PT,  PhD,  MBA 
LTC  Deydre  S.  Teyhen,  PT.  PhD 

i, ..  -inwAc-  1  LT  Patrick  Casey 

Capt  Kim  McCoy-Singh 
1LT  Angela  W.  Feldtmann 
Alison  C.  Wright,  PT 
Jessica  L.  Dugan,  PT 
Samuel  S.  Wu,  PhD 
Steven  Z.  George,  PT,  PhD 


in 

/P' 

Qw  back  pain 

IM. 

rlVlilitary 

Prevention  of  Low  Back  Pain  in  the  Military: 
A  Randomized  Clinical  Trial  (NCT00373009) 

Lt  Col  John  D.  Childs,  PT,  PhD,  MBA 
Steven  Z.  George,  PT,  PhD 
LTC  Deydre  S.  Teyhen,  PT.  PhD 
Samuel  S.  Wu,  PhD  ; 

Alison  C.  Wright,  PT 
Jessica  L.  Dugan,  PT  I 
Michael  E.  Robinson,  PhD 

‘^Promoting  Readiness  Through  Research'^ 


Background 

t  Low  back  pain  (LBP)  is  one  of  the  most  common 

forms  of  chronic  pain  (Martin  2OO8,  Luo  2004,  Stewart  2003) 

T  Leading  factor  for  medical  board  processing  in 
the  military  (Songs r 2000) 

High  cost  of  LBP 

?  Lifetime  compensation  cost  (van  Tuideriso?) 

?  High  tax  payer  dollars  (Kaufman  2000) 

?  Decrease  mission  readiness  (Knapik  1933,  Jones  i999> 


Background 

?  Traditional  sit-ups  may  increase  the  risk  of  injury  and 

development  of  LBP  {mer  1997.  McGNI  1908,  Nach^mson  1999) 

?  Evidence  supports  use  of  core  stabilization  exercise 
(CSEP)  to  potentially  decrease  LBP  frequency  and 
pain  and  increase  performance  (Hicks 2005,  Htcies  2001, 

O'Sullivart  1997) 

t  Decreasing  recurrence  of  LBP 
?  Decreasing  LE  injury  incidence  (Leetun  2004) 
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Background 

f  U.S.  Army  Physical  Fitness  School  is 
implementing  a  “4  for  the  Core”  exercise 
program  as  part  of  unit  physical  training 

’f  Concerns  with  decrease  sit-up  performance  on 
Army  Physical  Fitness  Test  (CNids 2009)  and 
increase  risk  of  other  musculoskeletal  (MSK) 
injuries  with  CSEP 


Purpose 


IP  Explore  the  short-term  effects  of  a  core 
stabilization  exercise  program  {CSEP)  without 
sit-up  training  compared  to  a  traditional  exercise 
program  (TEP)  on  MSK  injury  incidence  and 
work  restriction  in  US  Army  physical  training. 

f  We  hypothesized  there  would  no  difference  in 
injury  rates  between  CSEP  and  TEP 


Subjects 


Methods 


f  4329  Advanced  Individual  Training  (AIT)  US 
Army  Soldiers 

Medical  Battalion 
t68W  students 

?  Fort  Sam  Houston,  TX  IPS^ 


Y  Inclusion  criteria 

Soldiers  between  18-35  years  of  age  (or  1 7  year  old 
emancipated  minor) 

? Complete  injury  data  available  (n=1,141) 

English  speaking  and  reading 
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Exclusion  Criteria 

?  Prior  history  of  LBP  with  oil  of  the  following; 

T  Limited  work  or  physical  activity 
7  Duration  >  48  hours 
Caused  individuai  to  seek  medical  care 
f  Currently  seeking  medical  care  for  LBP 
If  Previous  medical  history  including  surgery  for  LBP 
?  Currently  unable  to  participate  in  unit  exercise  due 
to  injury  in  foot,  ankle,  knee,  hip,  neck,  shoulder, 
elbow,  wrist,  or  hand 

Y  History  of  fracture  (stress  or  traumatic)  in  hip 
and/or  pelvis 
?  Pregnant 

"f  Transferred  from  another  AIT  Company 


Cluster  Randomization 

"T  Cluster  randomization  (OJsen2D05,  Omsteln  20CW.  Watson 
2004) 

7  Company  units  randomly  assigned 
7  Determined  prior  to  recruitment 
7  Balanced 

?  Individual  randomization  was  not  utilized 
7  Detract  from  unit  cohesion 
7  Inevitable  contamination  of  treatment  groups 
¥  Burdensome  for  company  Instructors 


Soldiers  randomized  to 
CSEP(n«2162) 


Soldtors  randomized  to 
TEP(n=2167) 


Exercise  Programs 

7  Soldiers  randomized  to  complete  CSEP 
(n=542)  or  TEP  (n=599) 

7  Performed  at  unit  physical  training 
7  Frequency:  5  minytes/day,  ^  4  days/week 
7  Led  by  Company  instructors 

7  Company  instructors  were  provided  training 
7  Study  personnel  observed  training  weekly 
7  Weekly  meetings  with  Company  instructors 
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Traditional  Exercise  Program  (TEP) 


IP  Commonly  performed  exercises  in  the  military  for  physical 
training 

?  Targeted  muscles:  Rectus  abdominus,  internal  and  external 
oblique,  and  hip  flexor  muscles 
t  Quick,  high-load,  high  repetition 


Core  Stabilization  Exercise 
Program  (CSEP) 


^  Evidence-based 

^  Targeted  muscles:  transverus  abdominus,  multifidi, 
erector  spinae,  quadratus  lumborum,  and  hip  flexor 
musculature 

Slow,  low-load,  minimal  trunk  motion 


Physical  Profile 

?  DA  Form  3349,  AR  40-501 

Physical  Profiling  is  a  system  of  classifying 
individuals  according  to  functional  abilities  (Ch  zar 

40-501) 

Results 

f  Profiles  assess  a  Soldier’s  medical  condition  and 
functional  activity  limitations 

^  Allows  a  reduction  of  aggravating  activities  for 
specific  period  of  time 
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Data  Analysis 


Data  Analysis 


?  Descriptive  statistics  caiculated  for  background 
information 


1*  Differences  in  the  percentage  of  MSK  injuries 
examined  with  chi-square 

?  Independent  samples  t-tests  used  to  examine 
differences  in  the  number  of  work  restricted  days 


?  Independent  variable:  exercise  group 
r  TEP 
T  CSEP 

Y  Dependent  variables: 

?  Rate  of  musculoskeletal  injury 
^  Incidence  of  musculoskeletal  injury 
?  Duration  of  injury 


?  Alpha  set  to  0.05  a  priori 


Y  a  =  0.05 


Injury  Type 

CSEP 

[n=542) 

TEP 

Cn=599] 

P^value 

Musculoskeletal  (Any) 

46.9% 

tn^254) 

42.9% 

(n=^257) 

0-179 

Low  hack 

13.3% 

(n-72) 

11.0% 

(n-T66) 

0.241 

Lower  extremity 

31.5% 

(n-17t) 

30.7% 

(n=184) 

0.762 

Upper  extremity 

6.1% 

(n-33) 

4.5% 

(n-27) 

0.232 

Variable 

All  Soldiers 
[n=ll4l) 

CSEP 

TEP 

[11^599} 

p- value 

Age  (ycara) 

22.7 

(4.6] 

22.6 
(4  0) 

22  7 
(4.7) 

0.745 

Geiider  {% 

60.9 

60  1 

61,6 

0.615 

BMJ  (kg/m2] 

24J 

(3.6) 

24.3 

24.9 

(3.9) 

0.533 

CompHete  profile  tJacs  avatlable 

26.4 

25.2 

27.7 

0.059 

Curnerrtly  smote  (%) 

4J.2 

42.  J 

4J.G 

0.77G 

Previous  routine  exercise  (%) 

42.7 

47.2 

44.9 

0.127 

Education,  some  college  (%) 

56.3 

56.6 

55.9 

0.808 

IrKome  >20,000  (%) 

55.2 

51.8 

58.3 

0.029 

Previous  Profile  (%) 

32.4 

33.0 

32.7 

0.818 

Table  1:  Demographics  of  all  Soldiers  who  sustained  at  least  one  injury  Table  2:  Percentage  of  all  injured  who  sustained  at  least  one  MSK  injury 

resulting  in  limited  duty  days  (n-1 141)  that  resulted  in  work  restrictions  (n-51 1 ) 
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Injury  Type 

CSEP 

Mean (SD> 

[95^  a) 

(n=  S42} 

TEP 

Mean  (SD) 

Cl) 

(n  =  599) 

Difference 
Mean  (SD> 
(95^  CI> 

P-value 

Musculoskeletal  ' 
fAriy) 

aa.3‘22.4) 

21.^  £21.7) 
(18.4-24.5) 

1.1  £1,9) 
(-2.6-4 .8) 

0,5fiS 

Lx>w  hack 

4.2  (s.o; 

(2.4-6.1) 

8.3  (14.5) 
(4.7-11.8) 

(2.0) 

^^.02-8.0) 

0.04^ 

Lower  excnemicy 

l‘J.5  (15.6) 
(17.1-21.9) 

20.0  (23.8) 
(16.6-23.5) 

0.52  (2.2) 
(-37-4.8) 

0.81 

Upper  cxcnemity 

24.0  (23.1) 
(5.8  32.2) 

19.5(17.0) 
(12.8  26.2) 

-4.48  (5.4) 
(15.2-6.2) 

0.406 

injufy  Type 

C&EP 

Mean (SO) 
d) 
(n=2S4) 

TEP 

Mean  (SD) 
(95%  Cl) 
Cn=257> 

Difference 
Mean  (SD} 
(95%  CI> 

f^value 

MuscuioskeieteJ 

(Any)  1 

1.3  (0.5) 
(1,19-1,32) 

1.2  (0,5) 
(1.2-lJ) 

-O.CM  (0.1) 
(-0.J-.1) 

0.410 

Low  back 

0.3  (0.6) 

(0.3  0.4) 

0.3  (0.5) 

(0.2  0.3) 

0.1  (0.1) 

(  0.2-0.0) 

0.247 

Lower  extremity 

0.8  (0.6) 
(0.7-0.9) 

0.8  (0.61) 
(0.7-0.9) 

0.0  (0.1) 
(-0.1 -0.1) 

0.590 

Upper  extremity 

O.I  (0.3) 
(0.09-0.17) 

0. 1  (0.3) 
(0.07-0.15) 

0.0  (0.0) 

(-0. 1-0.0) 

0.474 

Table  3:  Mean  number  of  MSK  injury  profiles  per  injured  Soldier  per  body  Table  4:  Mean  number  of  limited  duty  days  per  injured  Soldier  per  body 

region  (n-51 1 )  region  (n-51 1 ) 


Discussion  & 
Conclusions 


Discussion 

T  Of  1 141  Soldiers  who  had  complete  injury  data 
available  for  analysis,  511  (44.8%)  Soldiers 
experienced  a  MSK  injury  during  training  that 
resulted  in  work  restrictions 

?  Overall  MSK  injury  rates  and  Incidence  between 
the  groups  as  a  whole  and  by  body  region  were 
similar  (P>.05) 

V  Higher  risk  of  LE  injuries  in  both  groups 
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Discussion  Discussion 


?  No  difference  in  the  number  of  work  restricted 
days  for  MSK  injuries  overall  or  specific  to  the 
UEor  LE(P>.05) 

¥  Soldiers  in  the  TEP  group  who  experienced  a  LB 
injury  experienced  more  work  restricted  days 
(TEP=8.3±14.5;  CSEP^.2±8.0,  P=0,049) 


T  Study  Limitaltons 

t  Inconsistent  reporting  of  data  for  consented  Soldiers 
t*  However,  reporting  rates  similar  between  groups  (P>.0S) 

?  Effects  of  previous  MSK  injuries  prior  to  basic  training 
?  Number  of  days  from  start  of  AIT  to  first  profile 

?  Future  Research 

f  Long  term  effects  of  CSEP  on  aiJ  MSK  injuries 
¥  Military  versus  civilian  population 


Conclusion 

T  CSEP  does  not  increase  incidence,  rate,  or 
duration  of  MSK  injuries 

T  Incorporation  of  CSEP  has  potential  to  reduce 
limited  duty  days  due  to  LBP 

?  CSEP  is  a  low  risk  intervention  for  Army  physical 
training 
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^*Promoting  Readiness  Through  Research 


Background 

f  Low  back  pain  (LBP)  is  one  of  the  most  common 
forms  of  chronic  pain  (Martin  2OO8,  LUO2004,  Stewar12003) 

Y  Treatment  and  prevention  exercise  programs  for 
LBP  reported  in  the  literature  commonly  involve 
muscles  involved  in  core  stabilization  (Hicks2oo5, 

Hides  2001,  O'Sullivan  1997) 

^  Evidence  supports  use  of  CSEP  to  potentially 
decrease  LBP  and  increase  performance  (Hicks 

2005,  Hides  2001,  O'Sullivan  1997) 


Background 

Traditional  sit-ups  may  increase  the  risk  of  injury  and 

development  of  LBP  (Axier  1997,  McOill  1988,  Nachemson  1999) 

f  Perceived  deleterious  impact  on  sit-up  performance 
in  the  Army  Physical  Fitness  Test  (APFT)  if  units 
adopt  a  CSEP 

^  Preliminary  research  on  West  Point  cadets  (Baxter 2003) 

Need  for  assessment  of  CSEP  impact  on  sit-up 
performance 


Purpose 


f  Determine  whether  performing  CSEP  in 
lieu  of  sit-ups  during  a  12-week  training 
period  has  detrimental  effects  on 
performance  of  sit-ups  and  overall  fitness 
as  measured  by  the  APFT 

We  hypothesized  that  there  would  be  no 
differences  in  APFT  sit-up  scores  or  overall 
passing  rates  based  on  whether  subjects 
performed  a  TEP  or  CSEP. 
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Subjects 

Advanced  Individual  Training  (AIT)  US 


Exclusion  Criteria 

Prior  history  of  LBP  with  all  of  the  following: 
^Limited  work  or  physical  activity 
YDu ration  >  48  hours 
IfCaused  individual  to  seek  medical  care 
IP  Currently  seeking  medical  care  for  LBP 
^  Previous  medical  history  including  surgery  for  LBP 
f  Currently  unable  to  participate  in  unit  exercise  due 
to  injury  in  foot,  ankle,  knee,  hip,  neck,  shoulder, 
elbow,  wrist,  or  hand 

History  of  fracture  {stress  or  traumatic)  in  hip 
and/or  pelvis 
^  Pregnant 

¥  Transferred  from  another  AIT  Company 


Cluster  Randomization 

"f  Individual  randomization  was  not  utilized 
■^Detract  from  unit  cohesion 
IPInevitable  contamination  of  treatment  groups 
•^Burdensome  for  drill  instructors 

IP  Cluster  randomization  (Olsen  2005,  Ornstein  2004,  Watson 
2004) 

"^Company  units  randomly  assigned 
^Determined  prior  to  recruitment 
IPBalanced 
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Exercise  Programs 

1r  2  exercise  programs:  TEP  &  CSEP 
^  Performed  at  unit  physical  training 
’f  Frequency:  5  minutes/day,  4  days/week 
Led  by  Drill  Sergeants 

■?  Drill  Sergeants  were  provided  training  and 
training  aids  by  study  personnel 
^  Study  personnel  routinely  observed  training 
^  Weekly  meeting  with  cadre  to  answer 
questions/concerns 


?  Commonly  performed  exercises  in  the  military  for  physical 
training 

f  Targeted:  Rectus  abdominus,  internal  and  external  oblique, 
and  hip  flexor  muscles 
Quick,  high-load,  high  repetition 


Core  Stabilization  Exercise  Program  (CSEP) 


f  Evidence-based 

?  Targeted:  transverus  abdominus,  multifidi,  erector  spinae, 
quadratus  lumborum,  and  hip  flexor  musculature 
?  Slow,  low-load,  minimal  trunk  motion 
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APFT 


APFT  sit-ups  and  push-ups 


^  Events: 

1P Maximum  push-ups  in  2  minutes 
1P Maximum  sit-ups  in  2  minutes 
1P2  mile  run 

^  Scores  adjusted  for  age  and  sex 

Minimum  passing  score:  60%  in  each  event 

Cadre  that  were  not  directly  involved  in  this  study 
assessed  Soldier  performance 


Data  Analysis 


Data  Analysis 


1?  Descriptive  statistics 

f  APFT  sit-up  score  (x/100) 

^  2x4x2  repeated-measures  ANOVA  with  pairwise  t  APFT  sit-up  pass  rate 

comparisons  using  the  Bonferroni  inequality  t  Overall  APFT  score 

f  Independent  variables  Number  Needed  to  Treat 

t  Exercise  group  (TEP  and  CSEP) 

f  Quartile  (0-25%,  26-50%,  51  -75%,  76-100%)  ^  =  0.05 

f  Time  (baseline,  12  wks) 


58 


Proceedings  of  the  2010  AFMS  Medical  Research  Symposium 

Volume  4  Force  Health  Protection 


Demographic  Results 


Results 


Variable 

All  Soldiers 
(n=1467) 

C5EP 

(n=761) 

TEP 

(rt=786) 

Significance 

Age  {years) 

21  g  (4.3) 

21.9  (4.4) 

21.9(4.1) 

0  944 

Gender  (% 

male) 

73.3 

72.5 

74.2 

0.466 

BMI  (kg/m2) 

24.7  (4.0) 

24.8  (4.3) 

24.7  (3.7) 

0.750 

Currently 
smoke  (%) 

32.8 

31.6 

34.0 

0.333 

Previous 
routine 
exercise  {%) 

54.3 

55.4 

53.3 

0.422 

Overall  APFT  Score  by  Quartile 


There  was  no  significant  Group  x  Quartile  x  Time 
interaction  (p  =  0.164) 


Overall  APFT  Score  by  Group 
At  Baseline  and  12  Weeks 


There  was  no  significant  difference  between  groups  in  overall 
APFT  scores  at  12  weeks  (p=0.142) 
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Sit-Up  Score  by  Quartile  Change  in  Sit-Up  Passing  Rate 


There  was  no  significant  Group  x  Quartile  x  Time 
interaction  (p  =  0.543) 


Both  groups  demonstrated  significant  improvements  in  sit- 
up  pass  rates  over  time  (p  <  0.05) 


CSEP  improved  at  a  greater  rate  (p  <  0.05) 


APFT  Results 


T  There  was  a  significantly  greater  increase  in  sit- 
up  pass  rate  in  the  CSEP  (5.6%)  versus  the  TEP 
(3.9%)  group  (p  <  0.05) 

Discussion  & 

I^The  NNT  to  prevent  1  additional  failure  on  the 
sit-up  component  of  the  APFT  with  CSEP  was  56 

Conclusions 

?Both  groups  performed  sit-ups  outside  of  unit  PT 

at  equal  rates  (TEP:  69.5%  and  CSEP:  65%,  p  = 
0.067) 
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Discussion 


Discussion 


T  CSEP  did  not  have  a  detrinnental  impact  on  APFT 
scores 

T  Sit-up  scores  and  pass  rates  improved  significantly 
in  TEPand  CSEP 

?CSEP  improved  sit-up  pass  rate  by  5.6% 

V  No  increase  in  APFT  failure  rate  with  CSEP 
T  CSEP  is  a  low  risk  intervention  to  incorporate  into 
Army  Physical  T raining 


T  Study  Limitations 

?Stt-up  exposure  in  CSEP  group 
TCeiling  effects  for  APFT 
Relevance  to  Soldiers  with  high  levels  of 
physical  fitness 

V  Future  Research 

"^Subjects  with  high  level  of  fitness 
?Prior  history  of  LBP 


Conclusions 

T  CSEP  does  not  increase  risk  of  sit-up  rate 
failure  on  the  APFT 

^  Can  incorporate  core  stability  exercises  into  the 
Army  physical  fitness  program  without 
detriment  to  APFT  scores 

t  A  400  Soldier  AIT  company  performing  CSEP 
would  progress  7  more  Soldiers  from  fail  to 
pass  on  the  sit-up  component  than  TEP 
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Embedded  Fragments  -  A  Unique  Exposure  Situation  and  Concerns  of  Possible  Health  Effects 
Armed  Forces  Institute  of  Pathology 
Jose  A.  Centeno 

BACKGROUND:  The  majority  of  modem  war  wounds  are  characterized  by  high-energy  blast  injuries 
containing  a  wide  range  of  retained  foreign  materials  of  a  metallic  or  composite  nature.  Health  risks  of  retained 
fragments  such  as  local  or  systemic  toxicities,  and  delayed  outcomes  such  as  foreign  body  reactions  or 
malignancies,  are  dependent  of  the  chemical  composition  of  the  fragments  and  need  to  be  further  understood. 
Information  obtained  by  chemical  analysis  of  excised  fragments  can  be  used  to  guide  clinical  decisions 
regarding  the  need  for  fragment  removal,  to  develop  therapeutic  interventions,  and  to  better  manage  potential 
future  medical  problems  arising  from  retained  fragment  related  injuries.  OBJECTIVES:  The  objective  of  this 
study  is  to  define  the  chemical  composition  of  retained  embedded  fragments  removed  from  injured  military 
personnel,  and  to  relate  results  to  histological  findings  in  tissue  adjacent  to  fragment  material.  RESULTS: 
Most  fragments  were  obtained  from  penetrating  wounds  sustained  to  the  extremities,  particularly  soft  tissue 
injuries.  The  majority  of  the  fragments  were  composed  of  single  metals  such  as  iron,  copper,  and  aluminum 
with  traces  of  antimony,  titanium,  uranium,  and  lead.  CONCLUSIONS:  The  present  study  provides  a 
systematic  approach  for  obtaining  a  full  chemical  characterization  of  retained  embedded  fragments.  Given  the 
vast  number  of  combat  casualties  with  retained  fragments,  it  is  expected  that  fragment  analysis  will  have 
significant  implications  for  the  optimal  short  and  long-term  care  of  wounded  service  members. 
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Armed  Forces  Institute  of  Pathology 


'AFIRi^bedded  Metal  Fragment  Registry 

Embed^d'fragments  present  unique  exposure  situations  and 
^ncems  of  possible  health  risks 
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Disclaimers: 


The  opinions  presented  are  the  private  views  of  the 
speaker,  and  should  not  be  construed  as  official  or 
representing  the  views  of  the  Department  of  Army,  the 
D,ep;artrhent  of  Defense,  the  Armed  Forces  Institute  of 
Pathology,  or  other  federal  agencies. 


^C€!dairl;eigd^  and  instruments  or  material 
identified  in  this  presentation  to  adequately  speciTOf^ 
^xpWnm'eritar^^^^^^^^  Such  identification  neither  im®^ 
>  recbfnmend^  Department  of  the  Army,  nolS” 

*'5^VmaW^  the  best  available  forth^ 

purpose. 


Health  Effects  from  Embedded  Fragments 
Outline 


Background  on  embedded  fragments 

History  of  AFIP  research  on  embedded  DU  and  metal 
fragments 


DoD  Policy  (HA-07-029)*  on  embedded  metal  fragments 


Health  Effects  from  Embedded  Fragments 
Background 


Traumatic  injury  via  contact  with 
improvised  explosive  devices 
(lEDs)  are  of  major  concern  in  Iraq 
and  increasingly  in  Afghanistan  i 


More  than  5,000  soldiers  with 
traum  ati  c  i  njurie  s  m  ay  have  I 
retained  embedded  fragments;  ; 

IE Ds  are  packed  with  I 

heterogenous  material  including 
metals,  plastics,  glass,  etc. 


Photon :  Courtesy  cf  A  Asnoated 
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Embedded  DU  fragments  in  tissue  removed 
from  shrapnel  wounds 


■Qus  tissue  (capsule)  surrounding 
the  shrapnel  composed  of  pausicellular 
fibrous  tissue,  and  scattered  fragments  of 

black  material.  Photos  and  photomicrographs:  Jose  A.  Centeno,  AFIP 


SEM  image  and  EDXA  spectra  of  a 
region  oftissue  with  granular  black 
fragments  demonstrating  the  presence 
of  uranium  and  titanium. 


Gross  photo  of  the  tissue 
removed  from  the  shoulder. 
The  black  area  in  the 
center  is  the  foreign  body- 
depleted  uranium  remnant. 


|:iii|iiii|iiii|iiii|iiii|iii 
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^^tematives  to  DU 

(Tungsten  alloys) 


Tungsten  Uses 

Tungsten  carbide  (WC)  and  tungsten  carbide  with  cobalt  (WC/Co) 
Medical  implants  (artificial  joints,  rods,  stents,  wires,  etc.) 

Hunting  ammunition  -  ‘Non-toxic  shot” 

Military  uses  (W-alloys): 

Tungsten  +  Nickel  +  Copper  (W:Ni:Co) 

Tungsten  +  Nickel  +  Iron  (W:NI:Fe) 

Tungsten  +  Nickel  +  Iron  +  Cobalt  (W:Ni:Fe:Co) 

For  special  applications 

Tungsten  +  Nickel  +  Cobalt 
Tungsten  +  molybdenum  +  Nickel  +  Iron 
(W  content  >  90  w%;  density  >17  g/cm^) 


Tantalum  (control) 


Tungsten  Alloy 


Gross  photos  and.  photomicrograph:  Courtesy  of  Dr,  John  F,  Kalinich,  AFKRI-USUHS  ; 


^^Calinich  JF,  Emond  CA,  Dalton  TEC,  Mog  SR,  Cdoman  GD,  ECorddl  JE,  Millif  AC,  McOain  DE.  Emboddod  u«apons- 
grade  tungsten  alloy  shrapnel  rapidly  induces  metastatic  high-grade  rhabdomyosarcomas  inF344  rats. 

EnvironHealth  Perspect.  2005  Jun;l  13{fi):729-34. 


•No  tumors  in  Ta 
controls 


•  Tumor  surrounds  pellet 

•  Tumor  displaces  and 
replaces  skeletal  muscle 
around  pellet 

•  Diagnosis;^ 
Rhabdomyosarcoma 


•Rapidly  growing 
tumors  up  to  5  cm  in 
diameter 


Tungsteri  Alloy-Associated  Tumors* 

(Soecie:  Rats! 


Analyzing  fragment  composition  is 
^^^e^^tial  AFIP 

blT&id.EMf=  Program 

-  Chemical  analysis  of  removed  fragments 
Surface  chemistry 


Laser  abbtien  ICP-MS 


^ctToitielry 


AFIP  Depleted  Uranium  (DU)  and  Embedded 
Metal  (EMF)  Fragment  Program 


-  Analysis  of  tissue  surrounding  fragments 

Chemical  analysis  of  tissue 
Characterization  of  tissue  morphology 
-  Histology  -  proliferative  cells, 
neoplastic  cells 

-  Analysis  of  wound  and  body  fluids  (whole  blood, 
plasma,  urine,  etc) 

Instrumentation  and  methodology  available;  ICP  OES,  ICP  MS  (quadropole), 

HR  ICP  MS,  Microscopy  (IR  and  laser  based),  SEM  EDX^  X  ray  fluorescence 


What  is  being  done  for  those 
concerned  about  DU  and  embedded 
fragment  exposures? 


Photos;  Courtftsy  of  Associated  Pross 
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^FlP-Depleted  Uranium  (DU)  and 
].Embedded  Me^'F ragmen!  (EMF)  Program 

Toxicants  of  interest 

Metals:  Al,  As,  Cd,  Cr,  Co,  Cu,  Fe,  Mn,  Ni,  Pb,  Sn, 
Sb,Ti,U,W,Zn 

Plastics/polymer  components:  Isocyan  ate,, ^cryjics, 

D  iethylh  exylphthalates 
Others:  Based  on  fragment  analysis  data 

Biological  Specimens 

Urine,  blood,  other  body  fluids  when  indicated 


Coppar-based  fr< 


li 


Fragments  of  different  sizes 
and  metal  compositions 


MTF  initiates  [or  VA  Provider]  requests 
fragment  (and  related  bio-specimens)  analysis 


Fragment  (and  related  bio-specimens) 
returned  to  AFIP 


Fragment  aaalyzed  and  archived 


AFIP  EMF  staff  review  and  interpret  results 


Results  sent  to  MTF  [or  VA  Provider]  and/or 
load  into  AHLTA 


a  variety  of  materials* 


♦Di-vision  of  Biophysical  Toxicology,  Armed  Forces  Institute  of  Pathology,  DU  and  EMF  Program 
♦♦Number  of  Fragments  received  as  ofAugust2010 


Results  from  the  SEM 
andEDXA 


Embedded  Metal  Fragment  Registry 

Case  Reports 


Case  1:  A  retained  fragment  in  the 
left  index  finger  of  a  32-year-old  male 
service  member  as  a  result  of  an  lED 
explosion. 

-  SEM-EDXA,  demonstrated  peak 
attributed  to  tungsten  (W)and  lead 
(Pb).; 

'  The  d  istri  b  ution  of  tu  n  gste  n  was  n  ot 

uniform  throughout  the  tissue  as 
only  single  particles  were  detected 
measuring  between  1  to 2.5  pm. 


ICP-MS  Analysis  (tissue): 


Lead  was  detected  as  single 
particles  within  the  tissue,  but  was 
not  associated  with  the  tungsten. 
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Embedded  Metal  Fragment  Registry 


Case  Reports 


Case  2:  A  25-year-old  male  with  a  history  of 
fragment  injury  to  the  back  of  the  head  and  shoulder 
from  a  gunshot  wound,  suffered  in  2007  while  serving 
in  Iraq. 


(A)  Retained  fragments  in  soft  tissue  for  ~1  year; 


(B,C,  &D)  By  SEM-EDXA,  black  scattered 
fragments  were  identified  as  lead  (Pb); 


Quantitative  analysis  of  the  tissue  by  ICP-MS 
demonstrated  a  level  of  1.1%  Pb; 


The  absence  of  other  metals  on  both  the 
SEM-EDXA  and  ICP-MS  analyses  indicate 
that  this  embedded  fragment  is  made  of 
metallic  lead. 


AFiK.D^Ieted  Uranium  (DU)  and 
Embedded  M§tal.Fragment  (EMF)  Program 


Photon  and  photomicrographs:  Joso  A.  Centeno,  AFIP 


Information  captured  through  the  analysis  of 
these  fragments  could  be  used  to: 


Develop  medical  and  surgical  management 
guidelines  for  service  members  and  veterans  with 
embedded  fragments 
Track  individuals  throughout  the  process 
Conduct  population  surveillance 


pyi  7KFIP-D,epleted  Uranium  (DU)  and 
M||Emb;eGlded  M^l'J^gment  (EMF)  Program 


Fragment  data  informs  biomonitoring  and  medical 
surveillance  protocol 
Fragment  composition  data  helps: 

Improve  clinical  management  decisions; 

Identify  a  list  of  toxicants  to  include  in 
biomonitoring  panels; 

Identify  outcomes  of  concern  and  means  of 
surveillance; 

Identify  potential  biomarkers  of  early  effect. 


The  AFIP  EMF  registry  will  help  the  DoD  (and  theVA) 
refine  how  cases  are  identified  and  provide  appropriate 
medical  care  for  individuals  with  embedded  fragments. 


Health  Risks  from  Retained  Metal  Fragments 

Research  Partners  and  Relevant  Programs 

I.  DU  Relat&d  -  Baltimore  VA  Medical  Center 

a.  DU  Clinical  Follow-up  Program 

b.  DU  Biosurveillance  Program 

II.  VA  Toxic  Embedded  Fragment  Center  (TEFC) 

Point-of-contact:  Dr.  Melissa  McDiarmid,  Director,  VA  Baltimore  Medical 

Center 

Email:  Mmcdiarm@medicine.umaryland.edu 

III.  WRAMC  Combat  Wound  Initiative  Program 

Point-of-contact:  COL  Alexander  Stojadinovic,  PI,  WRAMC-USUFIS 

Emai  I:  Al  exander.StoJadi  novic@us,army.mil 

IV.  Toxicology  Program  -  Armed  Forces  Radiobiology  Research  Institute 

Point-of-contact:  Dr.  John  Kalinich,  AFRRI-USUFIS 

Email:  John.Kalinich@us.army.mil 
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The  Evaluation  of  Nanoparticles  as  Biological  Decontaminants 

United  States  Air  Force  School  of  Aerospace  Medicine  (USAFSAM)/PHT,  Brooks  City  Base,  TX 

Clarise  R.  Starr,  PhD,  George  F.  Viale,  MSgt,  USAF,  NCOIC,  Linda  S.  Armstrong,  MS,  Manuel  Y. 
Caballero,  BS,  and  David  L.  Maserang,  PhD 

Nanoparticles  are  insoluble  particles  that  are  no  greater  than  100  nm  in  size  and  are  reported  to  have  various 
electronic,  magnetic  and  optical  properties  associated  with  them.  Recent  studies  have  demonstrated  the  unique 
anti-microbial  and  toxin  neutralizing  potential  of  these  particles.  The  objective  of  this  study  is  to  find  a 
universal  nanoparticle  formulation  that  is  capable  of  killing  Gram  positive,  Gram  negative  and  spore  forming 
bacteria  and  viruses,  thus  providing  a  potential  alternative  as  a  decontaminating  solution  in  hospitals  and 
laboratories,  and  have  the  ability  to  neutralize  two  common  biothreat  toxins,  C.  botulinum  A  and 
Staphylococcus  enterotoxin  B.  This  research  has  3  specific  aims:  1)  To  test  a  series  of  commercially  based 
nanoparticle  solutions  (AgO,  MgO  and  ZnO)  with  and  without  halogenation  in  liquid,  powder,  and  gel  matrices 
in  order  to  find  the  top  4  solutions  that  can  work  on  all  4  microorganisms  and  2  toxins.  2)  To  test  the  top  4 
formulations  against  various  clinical  and  environmental  matrices  and  surfaces  to  determine  strengths  and 
limitations  and  3)  To  further  test  the  safety  of  these  formulation  against  established  assays  for  possible 
deleterious  effects  against  the  end-user,  if  any,  by  established  cell  culture  toxicity  studies.  This  study  utilizes 
commercially  available  nanoparticle  reagents  that  could  be  modified  to  work  effectively  as  a  universal 
decontaminant  solution  that  is  safer  and  less  caustic  than  most  off-the-shelf  alternatives,  such  as  bleach  and  in 
the  case  of  anthrax  decontamination,  chlorine  dioxide  gas.  The  ideal  solution  would  be  easy  to  transport,  safe 
for  the  end-user  to  manipulate  with  minimal  protective  gear,  and  effective  against  bacteria,  viruses,  and  toxins 
in  a  short  contact  time. 
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ULV.JIIII  muter: 


The  Evaluation  of  Nanoparticles  as 
Biological  Decontaminants 


htv.ry  Airmtifi  a  f'ltrix  MuMpthtr 

AFMS  RriCiiTch  Sytuptixium 


Clarise  Rivera  Starr,  Ph.D. 
Molecular  Biologist 
USAFSAM/PHT 
Brooks  City-Base,  TX 


1frJ0S,S*IJOtp 


Nanotechnology 

a  Fora  JtNbipfiir 


I  JltJUJfW'AM*  1iMfl5,SUJ(i1* 


Uses  of  Nanomaterials 

Hvrry  Airmail  It  tirwor  AfijUifilior 


Nanopaiticles  and  Biocidal  Properties 

Jiimy  AfiTnan  u  ^ bn.-’r 


Everyday  Uses 

V  Eyeglasses 

V  Crack -resistant  paints 

V  Transparent  sunscreens 

V  Stain-repellent  fabrics 

V  Self-cleaning  windows 

V  Coatings  for  solar  cells 

V  Automotive 

V  Planes 


"Bioiogicar'  Uses 

V  Targeted  drug  delivery 

V  Targeted  gene  therapy 

V  Antimicrobial  coatings 

V  Fluorescent  labeling 

V  Imaging  contrast 

V  Tissue  engineering 

V  DMA  probes 

V  Microsurgical  techniques 


fbTHiJdn^olql  TtUH;  UiirvnuIrTj  TAArTJM 


luhlmU  JtlJUVWANb  1Ul&^£JUJ01iD 


3 


RablbtoftUton—tJl- 


^llju  iiMil  li?  pul^  4i 
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ZnO  as  a  Decontaminant 

Evif/Aintma  a  ForciMiiMpiier 


Haiogenated  Manoparticles 

Evtty  Aimtans  FcKiMuIApiler 


Goals  of  the  Study 


I  EvtryAitmsaa  i 


V  Examine  commercially  available  nanoparticle 
reagents  that  could  be  modified  to  work  effectively 
as  a  universal  decontaminant  solution. 

V  The  ideal  solution  would  be  easy  to  transport;  safe 
for  the  end-user  to  manipulate  with  minimal 
protective  gear;  and  effective  against  bacteria, 
viruses,  and  toxins  in  a  short  contact  time. 

V  Solution  m  ust  be  safer  and  less  caustic  than  most 
off-the-shelf  alternatives,  such  as  bleach  and,  in  the 
case  of  Anthrax  decontamination,  chlorine  dioxide 
gas. 


Short  List  of  Nanoparticles  Used  in 
Study 

EvityAitmanjt  Fotii: 


I  jiiiiBCVMKk.  ip.uif,  i  lua  19 


311JlgevUiJa 
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SEM  of  Nanoparticles  Used  in  Study 


I  Ev^  Airman  a  Force  Midtip 


A  represefTTlsIive  image  of  diHerefrirl  lypes  of  nanopisirl  ides  scsrmed  by  elecfron  wi  icroscopy  by  1  he  UmrveTsHy  of  T ess  sf  Sam  Amlanb 
Dep^menl  of  P  hjs  ics .  A.  Siver  manopeifl  ide,  100  mn .  B.  Tilanwm  carbide  {beta}.  APS  <30  mn.  C .  2  me  oxide  APS  20  mm .  D.  Siver 
mamopavlide.  PVP  coated  2030  mm .  E.  Siver  rranopart  ide,  50-60  rrm .  F .  Aluminum  oxide  {gamma},  APS  60  mm.  G.  T  Hanium  mitride, 
APS  <15mm.  H.  Mamgarrese  oxide,  40-60  rrm.  1. 2 me  powder,  APS  35  mm. 


Methods 

Every  Airman  a  Force  M  ultiplier 


Cells  at  10*  CFU  or  PFU/ml 
(Gram-,  Gram«,  spore,  virus) 


Serially  dilute  (10 '  thru  10*) 

I  IIOaiii/Pt<rl4l«M 

Plate 

^  ln(ua«l»I4lHI0l«Ml> 

Record  counts 


I-”" 


Incubate  at  room  temperature 
5, 10,  IS,  30  minutes 


Serially  dilute  each  time  point  (10 '  thru  10*) 

i  nooui/pmnaithi 

Plate 

I  inoilMWKlirtotwMli 


Record  counts 


Oishibulcn  Stalernent  A.  drpuiilio release, disHbulon  is  udirtiled.  311  ABGIPA  Ho.  10305. 5  AUG  10 


Cistribolion  SlalemenlA  A^yirOved  lOrpUlliO  release,  dslnbulirm  isurrimvled.  31 1  ABGIPA  No.  10305.5  AUG  10 


10 


Staphylococcus  aureus  +/-  Nanoparticles 

Every  Airman  a  Force  MvkipJier 


BacUius  globigii+I-  PVP-Coated  Silver 
Nanoparticle 

Every  Airman  a  Force  Mukiplier 


Cultures  at  a  oonce  nitration  of  9  X 10*  CFU /ml  were  exposed  to  nano  particles, 
serially  diluted,  and  then  plated.  10  ’  dilutions  shown  here.  Photos  taken  after  4 
days  in  culture. 

DisVibuloi  Slalermmi  A.  A>ivoved  fo-  puUio  release .  disVibuf  on  is  uiliniled  .311  ABGl  PA  Ho .  1 0305. 5  AUG  10 


10-1  10^  10^  10-* 


Dislribolirm  S1al«men1A.  Af^roved  Trs-ptblio  release.  dSlrilulirSI  is  uilMled.  31 1  ABGiPA  Ho.  10305,5  AUG  10 
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Ev^  Airman  a  FarCt  M uif/pj 


Cultures  above  were  exposed  to  750  mgyml  of  a  PVP -coated 
si Iver  nanoparticle  for  1,  5, 10,  and  30  minutes,  serially  diluted, 
and  plated.  The  10"^  dilution  of  the  30-minute  exposure  is  shown 
here.  Variaton  in  size  of  treated  versus  u  ntreated  also  occurred 
at  the  10-minute  exposure  (exceptat  highestdilution). 


Toxin  Study  with  Nanoparticles 
Using  Meso  Scale  Assay  Plates 


I  £v^  Airman  a  FcrCi  M  idtipli^r 


O.Sgor  less 
pouvder/dOO  pi 
suspensbn 


q.s.  to  1  ml  with  PBS/ 
appropriate  toxin 
concentration  and  mix 
well 


Mix  samples  for 
5  seconds  ~ 


Pulse-spin 
samples  fori  min 
at  max  speed 


(  Antbody  \ 

■my 

•bA 

•BB 

tmpry 

EmpTy 

Einp«v 

Empty 


WortunpaMroda 


DiSlibul0flS1al6fn^1A.  311  ABG/PA  No.  10-305. 5  AUG  10 


DiSlnbOtkloSlat^OlA  A^rx^d  dSliibuliOr^  iSuOiftvIed.  311  ABG^PANo.  10^05,5  AUG  10 


Ag  PVP  Binds  to  CBot  A 

Every  Airman  a  Fame  M idtipJitr 


Conclusions 


Every  Airman  a  Force  M  idtiplier 


Ag  PVP  and  CBot 

llrOCO.O 


V  Several  of  the  nanoparticles  tested  had  a  bacteriostatic  effect 
rather  than  a  bactericidal  effect  on  the  4  microorganisms  tested. 

V  No  real  bactericidal  effect  has  been  observed  on  spores---this 
may  be  due  to  the  assay  conditions  (suspension  versus  dry),  and 
steps  to  modify  assay  are  taking  place. 

V  Toxin  neutralization  preliminary  data  have  shown  a  decrease  in 
toxin  signal  using  the  MSD  1800  CBot  assay.  It  is  currently 
unknown  if  nanoparticle  binding  is  specific  and  permanent. 

V  Ag  (PVP)-coated,  iodinated  nanoactive  Zn,  siiver-doped 
nanoactive  AiO  pius,  chlorinated  nanoactive  MgO  plus 
suspension,  and  brominated  nanoactive  MgO  plus  suspension 
are  good  potential  candidates  for  toxicity  study. 


Disyiiui(11  A.  AOfrO-*el  1<r  putlll<2  rel«as£ .  disvibjidu  is  ullMted  .311  ABG1  PA  No .  1  (K305.  S  AUG  10  15 


CiS1(llu1(n  Slaleowtl  A.  Apjl^v^d  Icr  ptHliO  rtitasi.  disVt>u1<k1  is  ulittiilod .  31 1  ABG1  PA  No .  1 0^05 . 5  AUG  10  15 
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Toxicology  &  ESOH  Issues  of  Engineered  Nanomaterials 
71 Human  Performance  Wing  (HPW)/RHPA 

Saber  Hussain,  Laura  Braydich-Stolle,  Nicole  Schaeublin,  David  Mattie 
(Presented  by  Dr.  David  Mattie) 


Recent  developments  have  generated  a  degree  of  apprehension  concerning  potential  environmental,  safety  and 
occupational  health  (ESOH)  risks  associated  with  new,  engineered  nanomaterials.  We  are  conducting  focused 
research  to  establish  the  possible  effects  of  nanoparticle  exposure  on  biological  systems.  There  are  a  great 
variety  of  physiochemical  properties  such  as  size,  shape  and  surface  chemistry  of  nanoparticles,  which  can 
contribute  to  nanotoxicity  and  this  makes  the  safety  assessment  a  challenging  problem.  We  have  established  a 
lung  co-culture  model  that  simulates  the  human  lung  environment  to  evaluate  the  respiratory  toxicity  of 
nanoenergetic  materials.  We  have  demonstrated  that  there  is  a  size  dependent  toxic  effect  of  silver  and  silica 
nanoparticles,  while  in  terms  of  gold  nanotoxicity  size,  charge,  and  shape  were  mediating  factors.  When 
keratinocytes  were  exposed  to  gold  nanospheres  and  rods,  the  rod  shaped  gold  induced  more  toxicity. 
Furthermore,  charged  gold  nanoparticles  induced  apoptosis,  while  neutral  gold  nanoparticles  did  not. 
Additionally,  studies  with  nanoenergetic  aluminum  have  demonstrated  that  at  low  levels  of  exposure  there  was 
little  toxicity  in  the  lung  co-cultures,  however,  the  immune  cells  ability  to  respond  to  bacterial  pathogens  was 
reduced.  Taken  together,  all  of  these  nanotoxicity  studies  demonstrate  that  there  are  multiple  parameters  that 
will  contribute  to  how  nanomaterials  interact  with  a  biological  system  and  it  is  imperative  to  characterize  these 
materials  in  order  to  fully  understand  the  biological  responses.  The  main  focus  of  this  presentation  will  be  to 
discuss  basic  research  applied  to  discover  biological  interaction  of  nanomaterials  and  its  relationship  to  potential 
human  health  concerns. 
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Toxicology  &  ESOH  Issues  of 
Engineered  Nanomaterials 

Aug  25,  2010  _ 


^  Saber  Hussain.  PhD 

Nicole  Schaeublin,  MS 
Laura  K.  Braydich-Stolla,  PhD 
Dave  Mattie,  PhD 
Human  Effactivanass  Oiractorata 
Air  Force  Research  Laboratory 

Wright-Patterson  AFB,  OH  45433 


Project  Goals  &  Objectives 


*  Establish  tools  to  evaluate  toxicity  to  address  ESOH 
issues  of  NM 

>  Establish  relationship  between  toxicity  and  size,  morphology, 
and  composition  of  engineered  nanomaterials 

Address  tech  challenges  for  assessing  uptake,  translocation 
and  management  of  nanomaterials  in  a  live  cell  environment 

>  Identify  exposure  concentrations  of  nanomaterials  that  produce 
adverse  effects  In  cells  and  organs  at  doses  which  arc 
representative  of  occupational  exposure 

*  Establish  fundamental  ground  work  to  Investigate  effects 
&  mechani3m(s)  of  biological  interaction  of  NM 

^Explore  concept(s)  of  using  NM  as  intracellular  sensors  to 
modulate  biological  function 


Why  ESOH  is  Necessary?: 
DoD  Relevance 


Nano  ESOH  policy 
letter,  signed  by  the 
Under  Secretary  of 
Defense,  reinforces 
responsibilities  for 
managing  ESOH  risks 
of  engineered 
nanomateriais  in  DoD 
research  laboratories. 


Recent  Reports 
in  Literature 
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Carbon  Nanotubes  Shows  Asbestos-like 
Pathogenicity  in  a  Pilot  Study-  Mouse  Model 


*  Carbon  nanotubes  -  characterized  by  their  microscopic  size  and  incredible  tensile 
strength  -  similarities  to  asbestos,  due  to  their  needle-like  fiber  shape. 

*  In  a  recent  study  that  introduced  carbon  nanotubes  into  the  abdominal  cavity  of  mice, 
results  demonstrated  that  long  thin  carbon  nanotubes  showed  the  same  effects  as  long 
thin  asbestos  fibers,  raising  concerns  that  exposure  to  carbon  nanotubes  may  lead  to 
mesothelioma  (cancer  of  the  lining  of  the  lungs  caused  by  exposure  to  asbestos) 


Poland  et  al  Natute  Nanotechnology  3, 423  -  428  (2008) 


A  pilot  toxicology  study  of  single-walled  carbon 
nanotubes  in  a  smaii  sampie  of  mice 


*  Figure  3  Liver  and  spleen  histology,  a-f,  Haematoxylin  and  eosin  stains  of  liver  (a-c)  and  spleen 
(d-<)  tissues  of  mice  injected  with  PBS  (a,d),  SWNT  PEG  (b,e)  or  SWNT  0  PEG  (c,f).  Rnely  granular 
brown -black  pigments  were  seen  in  sinusoidal  liver  cells  of  SWNT  PEG  (b,  arrows)  and  SWNT  0 
PEG  (c,  arrows),  as  well  as  a  golden-brown  pigment  in  spleen  macrophages  of  SWNT  PEG  and 
SWNT  O  PEG  (e,f),  without  signs  of  cellular  or  tissue  damage  ^ 


OVERVIEW 
Project  Approach 


Biological  Interaction  of  Nanomaterials 


7^ 


Fv 


Characterization 


undamental  Questions! 


Toxicological Effecte 


r  Si2#&  Elemental  Cryatel  Surf«*  ' 

Worpholooy  CompoAitiAn  3tructun»  Properties 

4 

Q1:  Cell  viability  &  function? 

Q2:  Uptake  and  intracellular 
localization? 

C 

Q3:  Gene/protein  expression? 
(M:  Toxicity  Mechanisms? 

'S3 

lllikli.DP 
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s 

After  Di^fterSiort  in  Btoloaical  Media 

.c 

o 

Morphology  PropertiM 
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'  Gene  Control  Protein  Control  i 
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Q1:  EXposure/Dose?  . 

Q2:  Acute/chronic? 

Q3:  Translocation? 

£ 

o 
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ej 

Z 

MO  4B  «tat*zie  trtiot 

M  i»  nruM)  tMtO( 

^  ji*r  M. 

J.  ^ 

««*  »  *tN«as  mono 

L  ’‘Dynamic  interaction  with  i 

biomolaculas 

Reversible  control  of  cell  signaling  using 
.  functionalized  nanomaterials  &  , 

Radio  Frequency  (RF)  signals, 

H  Predictive  Modeling 

3 
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Nanoparticle  Characterization  Prior  to 
Toxicology  Studies 


IT 


Characterization  of  Nanom atonal s 


Size  & 
MorphiolDgy 
ITEM  I 


Particle  surmcc 

CempMltien  Chemistry  (XP8)  fintutloii  (DLS)' 
[XRD/EI?XJ 


M 

4  ^ 


Editorial  Highlight  in  Toxicological  Sciences 
IMPACT 


TOXICOLOGICAL  HIGHUGHT 


Receive  Manufactured 

How  Mnaningful  nrn  the  ReauHs  at  Nanotoxiclly  Studies  in  the 

Nanomaterials 

Abeonce  of  Adequate  Material  Characteriza^on? 

Editor  1 

M  u  Id  Q  c  and  l4iJ:»alnSM  (2007}  ChanctailEallanaT  natumiLl«rlal 

diaiaariidd  InaafiftlaTi  pibrld  In  ^re  nqp  uun  using  dynamic  flgm  stafttAngHcliti^qiiH.  ^1  IDUaH-SMc 
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Nanotoxicity 
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Silver-NP  induced  ROS 
Generation  Based  on  Size 


Cytotoxicity  of  Ai-NP  Depends  on  Surface 
Coating 

_ ,  HtfxBimSM,  J  Phys  Omm  BKOT.  ttt,  7.1fi9 _ 


^  ^  Cytotoxicity  of  Gold  NP  Depends  on 

Shape:  Characterization 


^4^ 


"KrtSTT 

iiainv 


riT>  4 


PdcUclc 

type 


lucDcpheret  nanorodc  lanorodc  luiiocpfceres 


Size(nrn)  unm 

Length 


fhmplfNiWBe 

Awiagf  fyiamrifT 

JMiirwHtff 

Miiu  upoifliitindkd 

I^LM 

1  Z^TIHD 

^  2Lntip$iin:tn!cdji 

tr.-S^iiUHtEr 

iL^im 

TTJ^iii  apflSiirtJiiHfi 

24.^!m 

SPjmwate 

Cytotoxicity  of  Gold  NP  Depends  on 
Shape:  Cellular  Proliferation 

ColJOyarallan:  Or.  Rich  VkUand  Or.  KyMii«(pMon  PArk(AFRURXBN} 


H  Control  H  RM2  B  SNR_2  Wm  SA  ^  SPJ 


Conoerttfartion  (na^ml) 


NF  morphology  has  variable  impact  on  cell  proliferation 
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Cell  Proliferation-Surface  Area 
•*» _ 


m  Contid  ■ 


.ISil- 


/  y*  /  /  y 


ConDentration  {cni^/nnl( 


■1  Conhd  ■■  SP_1 


Concentration  {cm^/mD 
m  Conrd  ■  Si 


Concentration  {cm^/mfi 


21 


In  terms  of  mass,  in  order  to  get  equal  surface 
area  you  would  need  lo^g  of  spheres  and  lOOpg 
of  rods 

Are  the  rods  toxic  because  there  are  more 
particles? 


Mitochondrial  Membrane  Potential 

_ 


Control 

RMz  Sphere 

%  /-  *' 

/• 
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m 

nudeus 

\ 

h^thy 
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\  ^ 
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‘•Vf 
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mitochondria 
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Summary 


^  ^  Sphere 
_ >  Rod 


Cellular  tffecis? 


Sphere 

I 


Couclusloii:  Shape  plays  a  ix»le  iti  iiaiioniaterial  toxicity 
t^iM!ii4iuiurwviJinay~M  — 

I  Pmrliirtion  of  ROS 

KOS  I  Apoptosis  liki'ly  iiicchAJUviii 
I  Toxicity 

■^*“^**“  ®  LG  I  rescued  the  toxic  effect 

piihsihly  by  inhibiting  apoptosis 


Cytotoxicity  of  Gold  NP  Depends  on 
Charge:  Characterization 


I-  HS^  ^  ^  ^  ? .?  mwcaptoeirx)ixv«hoxy«lhanol(MFFF) 

N.N.  N  tnmuChyl(initTioniumet^)()ncUiiol(TVAT) 
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Anionic  Hs  5  ONa' 
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HLcof^am  of  Mit  dl^rribiiiinn  far  MEEK  FanirUM 


•  M£E11(0)  1 

'rMAT(*)  • 
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D=1.8±0.7  nm 

D*1  .G±0.fi  nm 

D*1  ^±0.7  nm 

11*10417 
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V.  J  Cytotoxicity  of  Gold  NP  Depends  on  fW 
Charge:  Cellular  Proliferation 


Design  of  the  Portable  Whole  Body  Exposure 
Chamber  to  Simulate  Realistic  Exposure 


Cell  Viibiiity  aHei'  24h  treatmeni  with  Au  NPs.  The  dioi^^d  paxtidea  are  to«ic  to 
the  cells  SI  ailing  at  icip.g/nil  followed  by  the  Qaitial  paitidfes  at  25^g/ml. 
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Milestones 


What’s  the  Message? 


>  Successfully  developed  methods  to  characterize  NM  in  phys 
environ  -  Published  in  Tox  Sci 

^Successfully  established  a  strong  foundation  in  Bio  nano  area  - 
Discovered  mechanisms  of  interaction  -  Published  in  peer 
reviewed  journals 

> Successfully  developed  methods  to  determine  uptake  and 
translocation  of  NM  in  cells  -  Published  in  Nature  Protocol 
>Successfully  identified  toxicological  properties  of  NM  based  on 
size,  charge,  shape,  functionization  -  Addressed  potential 
toxicological  risks  of  NM  -  Pubiished  in  peer  reviewed  Jour nais 
> Establishing  a  strong  foundation  that  serves  as  a  nexus  for 
multidisciplinary  research  in  the  area  of  Nano-Biotechnology 


Size  matters,  but  not  always 

Physicochemical  character  matters 

-Size 

-  Coating 

-Shape 

-Charge 

Agglomeration  vs.  dispersion-  Critical  point 
Charge  matters  (affects  reactivity  and 
dispersion) 

Good  Nanotoxicology  Requires 
Good  Characterization 


ESOH 

SUPPORT 


WPAFB/AFRL-Participation  in 
DoD  Nano-working  Group 


Comprehensive  Safety 
Proced  ure/P  rotoco  Is 


Government  Audit  ( GA  O) 
Nanotechnology  Uses  &  Risks 

about  the  baza  fd  or  loxiti^  of  manuf; 
mnomaie  ria  Is  to  hu  maius?  Arc  the  te 
pose  a  greater  r is kthan others  in  tern 
30^  which  ones?  Whataboutfor  futui 
risks  aiMl  populations? 

2.  What  is  know  n  a  bout  the  effect  that  the  ekposu  re 
route  (inhalation,  derma  I  absorption,  or  in^sbon) 
manufactured  isanomate  rials  has  on  their  te&icily? 
what  way  does  the  tokici^  of  Certain  nanomateria I 

3.  WM  is  knm  n  a  bout  the  extent  to  which 


.  What  effcct  if  any.  rfces  the  enrvironmenfa  I  exposure 
route  (a  ir.  wale  r.  soil,  plant  u  pia  ke)  of  manufaclu  red 
nanomale  ria  b  affect  the  toxic  ily  of  isa  nomaterials  to 


OSD  working  group 

DoD  established  an  inter 
Service/OSD  working  group 
on  nanomaterials  to 
coordinate  ESOH  technical, 
policy,  legal  information  and 
actionsp-r 


AFRL  ESOM  Representative; 

Dr.  Saber  Hussain  (RHPB> 

Pr.  Richard  Vaia,  (RXBN)  (Advisor) 


RHPB/ESOH  Nanomaterial  Safety 
Guidelines 

This  instruction  is  meant  to  supplement 
existing  RHPB  chemical  hygiene  plans 
and  incorporates  "Approaches  to  Safe 
Nanotechnology"  recommendations  from 
NIOSH. 


lathe  enxlreitinc  at? 
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2"“*  USAF  ASC/AFRL  Nanomaterial  ^ 
Workshop 


>Held  in  Fairfield,  Ohio  at  the  Holiday  Inn  on 
3-5  November  2009 
■122  Attendees 
■  29  Speakers 
■Provided  a  tour  at  the  National  Composite  Center 
(NCC) 

^Provided  Training  Credit 

■Continuing  Maintenance  points  for  Certified  Industrial 
Hygienist  (CIH) 

■Continuing  Learning  Points  (CLP)  for  Acquisition 
Professionals  Development  Program  (APDP) 


Mr,  William  LaFountain>  ASC/ENW 
Dr,  Saber  Hu&saimAFRL/RHPB 


A;,--. 


ESOH-SBIR  PHASE  II 


Luna  Innovations 
incorporated 

Nanocomposix 

*  Web  interfaced 

A/anofec/mo/ogy  ESOH 
Guidance  System 
(WiNGS™) 

—  Air  Force  SBIR  Phase  11 

Contract  UFA8650-08-C^852 

—  Dr.  Aaron  C.  Small — 

•  Impact  of 
Nanomateriais  on 
Occupational  Safety  & 
Heaith 

-  Air  Force  SBIR  Phase  11 

Contract  itFA8650^8^^853 

—  Dr.  Steven  Oldenburg- 

Collaborations 


Cross-Directorate  Collaborations 

^ 


AFRURHPB 

Biofogicaf  Interaction  of  Nanomateriais 
(Dr.  Saber  Hussain) 
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Evaluation  of  Jet  Fuel  Inducted  Hearing  Loss  in  Rats 
71 Human  Performance  Wing  (HPW)/RHPA 
David  Mattie,  PhD 

Noise-induced  hearing  loss  (NIHL)  continues  to  be  a  major  military  operational  problem  as  well  as  a  general 
occupational  health  hazard.  Twenty-eight-day  studies  with  male  and  female  rats  were  designed  to  study  the 
combined  JP-8  jet  fuel  and  noise  effects  on  hearing  loss.  The  first  study  was  a  baseline  study  for  creating  noise 
levels  similar  to  occupational  exposure.  Rats  were  exposed  to  0,  75,  85  or  95  dB  for  6  hours  per  day,  5  days  per 
week  over  4  weeks.  The  second  study  will  be  an  occupational  exposure  to  noise  combined  with  JP-8  to 
investigate  the  combined  effects  of  jet  fuel  and  noise  on  hearing  loss.  For  noise  exposure,  audio  editing 
software  was  used  to  filter  and  equalize  a  white  noise  file  to  one  octave-band  wide,  centered  at  8  KHz.  The 
signal  was  split  into  three  equalizers  and  amplifiers  for  producing  the  three  noise  levels  generated  using 
electrodynamic  shakers  mounted  to  the  exposure  chambers.  In  the  first  noise-only  study,  hearing  loss  was 
tested  by  performing  the  distortion  product  otoacoustic  emission  (DPOAE)  test  used  to  evaluate  hearing 
function  and  the  compound  action  potential  (CAP)  test  to  determine  hearing  threshold.  Following  the  hearing 
assessment,  microscopic  examination  of  tissue  in  the  cochlea  of  the  inner  ear  was  conducted  to  determine  the 
percentage  of  hair  cell  receptor  loss.  All  data  from  the  first  study  showed  significant  effects  on  hearing  at  95  dB 
with  little  or  no  effects  at  75  dB,  thus  supporting  the  use  of  85  dB  for  subsequent  noise  exposures. 
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Evaluation  of  Jet  Fuel  Induced  Hearing  Loss 
in  Rats 

Air  Force  Medical  Research  Symposium 
25  August  2010 


DAVID  R.  MATTIE,  PhD,  DABT 
Senior  Research  Toxicologist 
711  HPW/RHPB 
Air  Force  Research  Laboratory 

DisVilulai  Slalerh^l  A.  f<k-  ptiilio  release.  is  unified .  de^tice  ate 

3SABW-2Q 1 CF3S89  ahd  AFM02Q 1Q-Q1  OS,  SI6I2Q  IQ . 


Outline 


*  Goal  and  Objectives 

*  Background 

*  Methods 

-  Basic  Design 

*  Study  1 

-  Methods 
—  Results 

*  Study  2 

—  Methods 
—  Results  to  date 

*  Future 

—  Studies  3  and  4 


GdiibilSai  A:  Ap(Tat«4  tor  pttfo  diflirMSai  is  iulbikpe  d«flran«P  nvnb«rs  w 

88si9BWdlM0.38a^an4  /FMC-IOiOWCO, 


Goal  and  Objectives 


Background 


Goal 

—  To  show  if  there  is  an  association  between  jet  fuel  exposure  and 
noise-induced  hearing  loss 

•  The  hypothesis  is  that  JP-8  Jet  fuel  contributes  to  hearing  loss 
when  combined  with  high  noise  exposure  that  is  still  below  the 
exposure  limit  for  noise. 

Objectives 

—  Design  noise  generation  system  for  Navy  exposure  chambers 

—  Conduct  four  28-day  animal  studies 

—  Compare  jet  fuel  exposures  and  kinetics 

—  Publication  showing  relationship  between  noise  and  jet  fuel 
exposure 

GdUibdliai  Sat(ni«f«A:Apfiow«d  dUtrtoUloi  is  uil»ni»4l  d^orano^nunb^rsarv' 


*  Dr  Fechter  exposed  rats  to  1 000  mg/m^  jP-8  for  4  hours  followed  by  either: 

*  noise  (105  dB)  for  4  hours  for  1  day 

*  noise  (97 dB)  for 4  hours;  repeated  for  5 days 

*  noise  (102  dB)  for  1  hour;  repeated  for  5  days 

»  Did  not  examine  multi  pie  dose  leveis  of  jet  fuei 

*  Noise  ievei  equivaient  to  PEL  for  noise 

»  90  dB  using  the  "A"  weighting  scaie  for  8  h  TWA 

*  JP-8  alone  did  not  cause  any  disruption  of  auditory  function 

*  Aithough  effects  were  not  consistent,  combined  JP-8  +  noise  produced  greater 
impairment  than  noise  aione 

»  JP-8  caused  significant  depietion  of  GSH,  indicating  oxidative  stress  as 
possible  mechanism  of  action  for  promotion  of  hearing  ioss 
»  Initiai  data  support  interaction  between  JP-8  and  noise  exposure  on  hearing 

>  Fechter,  LD.  Gearhart. C.,  Fulton,  S.,  Campbell.  J.  Fisher,  J.,  Na.  K,  Cocker.  D.,  Nelson  Miller.  A..  Moon,  P..and  B. 
Pouyatos.  (2007).  JP-8  Jet  Fuel  can  Promoto  Auditory  Impairment  Resulting  from  Subsequent  Noise  Exposure  in  Rats. 
Toxicol.  Sci.,  98, 510-525 

QdbibUiai  A:  Ap(TCw«4 is  uilbilb94l  d^sranc^  numbers 
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Background 

2: 


Methods 


Dr  Fechtdr  exposed  rats  in  nose-only  chambers 
Subsequent  study  by  his  lab  showed 
»  Acute  nose-only  exposures  with  clean,  filtered  air  caused  significant 
depletion  of  liver  GSH  levels 
*  Same  effect  seen  with  JP-8 

»  Raises  questions  about  combined  JP-8  and  noise  effects  seen  in  Fechter 


Basic  Design 

•  Whole  body  exposure  chambers 

•  Eliminate  stress  that  may  have  contributed  to 
previous  findings 

*  Noise  and  JP-8  at  the  same  time 

•  Three  concentrations  of  JP-8  plus  noise  level  known 
to  produce  mild  hearing  loss 

*  Longer  time  of  exposure  and  more  days  of  exposure 


Methods 


*  Major  accomplishments: 

*  Noise  system  for  inhalation  chambers  developed  by 

*  MS  Graduate  Student  -  John  Stubbs,  Capt,  USAF 

*  Under  mentorship  of  Maj  Jeremy  Slagley  -  AFIT 
Assistant  Professor 

*  Transitioned  DPOAE  hearing  loss  measurement  system 
to  Navy  in  collaboration  with  Dr.  Fechter 


Methods  -  Study  1 

■*» 


Study  1  -  Exposure  to  noise  only 

*  Determined  level  of  noise  to  use  in  combined  noise  and  JP-8 
study 

*  Noise  exposures  at  RHPB&EHEL,WPAFB 

*  Screened  rats  for  normal  hearing  (DPOAE  testing  by  EHEL) 

»  Exposed  rats  for  6  h/day  with  weekends  off  for  28  days  (20 

exposures  total) 


Group 

Exposure 
Level  fdb) 

Number  of  Animals 

Males 

Females 

Control 

0 

5 

5 

Low 

75 

5 

5 

Intermediate 

85 

5 

5 

High 

95 

5 

5 

Total 

20 

20 

»  Transported  rats  to  Loma  Linda  for  auditory  assessment 
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Methods 


Results  -  Study  1 


Hearing  loss  tested  by  Distortion  Product  OtoAcoustic  Emission  (DPOAE)  test 
»  Test  added  as  screen  for  normal  hearing  prior  to  each  28-day  study 

*  Assesses  hair  cell  function 

*  Transient  and  permanent  impairments  as  well  as  recovery  rate 
»  Intact  cochlea  generates  sound  energy  when  stimulated  with  two 

simultaneous  tones  ("primary  tones")  -  frequencies  "f1"  &  "f2' 

*  Sound  energy  generated  by  cochlea  ("distortion  products")  are  different 
frequencies  than  "primary  tones" 

»  Detects  impairment  of  hair  cells  -  drop  in  DPOAE  amplitude  as  function  of 
length  along  basilar  membrane 

»  Rats  lightly  anaesthetized  with  ketamine  &  xylazine 
»  f1  &f2  primaries  presented  through  two  separate  realistic  dual  radial  horn 
tweeters 

»  Tones  delivered  to  outer-ear  canal  through  probe  -  acoustically  mixed  to 
avoid  artifact ual  distortion 

»  Ear-canal  sound  pressure  levels  measured  by  emissions  microphone 
assembly  embedded  in  probe 

OddtbiQoi  forpjbl«f»iPfk«9'  didtribotsoi  is  wimlbPd  nwnbas  a 


4wk  post  exposure  35/55 


Methods 


Results  -  Study  1 


Hearing  loss  assessed  by  Compound  Action  Potentials  (CAPs)  test  for  hearing 
threshold 

»  Performed  4  weeks  following  end  of  exposures 

*  Record  CAPs  from  round  window  for  pure  tones  between  2  &  40  kHz  in 
approximately  octave  steps 

»  Auditory  thresholds  assessed  in  double  walled  audiometric  booth 

»  Rats  anesthetized  (xylazine  &  ketamine) 

»  Auditory  bulla  opened  via  ventrolateral  approach  allows  placement  of  fine 
(od  0.1  mm)  Teflon-coated  silver  wire  electrode  onto  round  window 
»  Silver  chloride  reference  electrode  inserted  into  neck  musculature 
Cochlea  warmed  using  low  voltage  high-intensity  lamp 

*  CAP  signals  evoked  by  pure  tones  amplified  31000  between  0.1  &  1 .0  kHz 
with  Grass  A.C.  preamplifier 

*  Identified  sound  level  necessary  to  generate  visually  detectable  CAP 
response 

»  Averaged  over  4  sweeps  on  digital  oscilloscope  (approximate  response 
amplitude  of  1  mV  measured  as  output  of  preamplifier) 


VA32  CAP 
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Methods 

_ 


Methods 


Hearing  loss  tested  by  microscopic  examination  of  inner  ear  (cochlea) 

»  Percentage  of  receptor  loss  in  the  ear 

»  Outer  hair  cells  (OHCs)  &  inner  hair  cells  (IHCs) 

*  Cochleae  harvested  after  CAP  measurements 

*  Cochleae  immersed  in  primary  fixative  within  2  min 

»  After  24  h,  tissue  washed,  postflxed  for  2  h,  washed  again 

*  Organ  of  Corti  dissected  in  70%  ethanol  &  mounted  in  glycerin 

»  Hair  cells  counted  as  present  when  either  stereocilia,  cuticular  plate  or  cell 
nucleus  could  be  visualized 

*  No  attempt  to  assess  degree  of  possible  cellular  damage  to  surviving 
cells 

»  Frequency-place  "map''  established  by  Muller  (1991)  superimposes 
frequency  coordinates  on  length  coordinates  of  organ  of  Corti 

*  Cochlea  organized  tonotopically 

»  High  frequency  sound  produces  maximum  stimulation  of  cells  in  base 
&  low  frequency  sound  in  apex 


Hearing  loss  tested  by  microscopic  examination  of  inner  ear  (cont.) 

»  Cochleogram  shows  percentage  of  hair  cell  loss  as  a  function  of  distance 
from  base  of  cochlea  plotted  for  each  animal 

»  Results  averaged  across  each  group  of  subjects  for  comparison  between 
groups 

*  Software  used  for  counting  cochlear  hair  cells  developed  by  R.  Lataye  and 
Dr.  P.  Campo  from  the  "Institut  National  de  Recherche  et  Se'curite'" 
(Nancy,  France) 


ad«b4Soi  SbUin^A:Apcfov»4  difltrfctjtiai  is  GMtMtsai  A:Appo«««  is  d«flran<^Rumb«rsar^ 


^  A 

Results  -  Study  1 

_ 


Methods  -  Study  2 


95  dB 


]  - 


85  dB 


Study  2  -  Exposure  to  noise  &  JP-8 
»  Combined  effects  of  Jet  fuel  &  noise  on  hearing  loss. 

»  Noise  +  JP-8  exposures  in  Bldg  837 
»  Study  initiated  28  Apr  1 0 

»  6  h/day  with  weekends  off  for  28  days  (20  exposures  total) 

»  Transported  rats  1  Jun  10  to  Loma  Linda  for  auditory  assessment 

»  16  rats  added  for  Study  2  -  collect  data  for  target  tissue  analysis 
»  Lung,  blood,  liver,  fat  &  brain  collected  at  RHPB 

*  Samples  transported  to  analytical  lab 

•  Compare  J  P-8  exposure  d ata  to  previous  studi  es 


75  dB  -  no  hair  cell  loss 


Gd»MtSai  A:ApcT0w«d  dUtrtxUSoi  is  (Dl»n»P4  d« 

9€/aiMCi 


GdMbUISai  A:  AEfrow«tf  tor  p^c  is  vil»nJb94  nvnb^rs  w 
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Results  -  Study  2 


Future 


10  Day  postexposureOS/SS 


Study  3  -  Exposure  to  JP-8  alone 

»  Will  provide  data  for  comparing  effects  of  jet  fuel  ototoxicity  to  noise- 
induced  hearing  loss  in  the  combined  study 
*  Study  design  same  as  Study  2  v/ithout  noise 

»  6  h/day  with  weekends  off  for  28  days  (20  exposures  total) 

»  JP-8  exposures  in  Bldg  837 

»  Transport  rats  to  Loma  Linda  for  auditory  assessment 

Study  4  -  Exposure  to  a  series  of  intermittent  high  levels  of  noise  during 
JP-8  inhalation  exposure 

»  Will  show  if  high  levels  of  noise  for  short  periods  of  time  during 
continuous  jet  fuel  exposure  can  result  in  hearing  loss 
»  6  h/day  with  weekends  off  for  28  days  (20  exposures  total) 

»  Noise  +  JP-8  exposures  in  Bldg  837 
»  Transport  rats  to  Loma  Linda  for  auditory  assessment 


adbrSbUQoi  A:Apaow«4  didirMiai  is  nunb^rs  ar» 


Future 


Study  4  -  Exposure  to  a  series  of  intermittent  high  levels  of  noise  during 
JP-8  inhalation  exposure 

»  Preliminary  Design 
••  Chamber  1  -  air  only 

»  Chamber 2 -JP-8 only  (750 or  1500  mg/m^) 

»  Chamber  3  -  noise  at  1 02  d  BA  for  15  minutes  every  hour  (1.5  h 
total  noise  exposure) 

*  Chamber  4  -  both  JP-8  (same  as  Chamber  2)  and  noise  (same  as 
Chamber  3) 


Qfltrtcasai  sat(ni«f«A;Appcw«d  tcrp^ar^^.  dUtrbaKoi  is  unltnftPd  d«vanc^ nunb^rs ar^ 
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Summary 


Purpose  is  to  show  an  association  between  jet  fuel  exposure  and  noise-induced  hearing  loss 

JP-B  jet  fuel  believed  to  contributes  to  hearing  loss  when  combined  with  high  noise  exposure  that  is  still 

be  low  the  exposure  limit  for  noise. 

Objectives 

'  Design  noise  generation  system  for  Navy  Chambers 

*  Corxtuct4  28-day  animal  studies 

*  Compare  jet  fuel  exposures  and  kinetics 

QUESTIONS?  *  Hearing  loss  represents  a  critical  occupational  concern  for  exposure  to  fuel 

*  Data  suggest  that  Air  Force  personnel  exposed  to  both  jet  fuel  and  noise  suffer  greater  hearing  loss 
than  matched  Air  Force  personnel  exposed  to  similar  noise  but  not  to  jet  fuel 

*  State-of-the-Art  rmise  generation  system  developed 

*  Used  to  determine  noise  level  producir^  minimal  hearing  loss  in  rats 

•  Combined  noise  and  JP-8  study  in  progress 

'  Delay  in  start  of  project  has  all  milestones  6  to  12  months  behind  schedule 

♦  Publication  showing  relationship  between  noise  and  jet  fuel  exposure  expected  in  FY11 

♦  Data  would  be  relevant  to  determining  need  for  applying  protective  measures  for  jet  fuel/ noise 
environments  during  occupational  exposure  for  Air  Force  personnel 


oatSMiai  sialnn«nt  A:  AppoiM  Kr  piMc  wMatK  dlitrbiliai  it  inimiKd  tiumb««  m 


Goals/Objectives 


JP-8/Noise  Hearing  Loss 

OAFWP001 


Major  Mifeston&s 

’  Noise  system  deve toped  by  ART  student  for 
Navy  exposure  chambers 
'Transitioned  DPOAE  hearing  loss 
measurement  system  to  Navy  in  collaboration 
with  Dr.  Fechter 

'  Completed  noise-only  exposure  study 
'  Completed  combined  noise  and  jet  fuel 
exposure  study 


Appficability/AF  Payoff 


*  To  show  if  there  is  an  association  between  jet  fuel 
exposure  and  noise- induced  hearing  bss 

>  Hypothesis:  J  P-6  jet  fuel  contributes  to  hearing  loss  when 
combined  with  high  noise  exposure  that  is  still  below  the 
exposure  limit  for  noise. 

>  Needtr  proiride  we II  designed  toxicology  data 
Objectives 

>  Design  no  regeneration  system  for  Navy  chambers 

*  Co  nduct  fdu  r  23-day  a  ni  ma  1  studies 

*  Compare  jet  fuel  exposures  and  kinetics 


Hearing  loss  rep  resents  critical  occupational  concern  for 
exposure  to  fuel 

Data  suggest  that  Air  Force  personnel  exposed  to  both  jet 
file  I  and  noise  suffer  greater  hearing  bss  than  mabhedAir 
Force  personnel  exposed  to  similar  noise  but  not  to  jet  fuel 
No  clear  resu  Its  or  def in  itive  studies  show  an  associate  n 
between  jet  fuel  exposure  and  noise 
Data  would  be  re  levant  to  determining  need  for  applying 
protective  measures  for  jet  fue  If  noise  environments  during 
occu  patbnal  exposure  for  Ai  r  Force  perso  n  ne  I 


OMbUlioi  3btan«(ttA:Ap(rar«4  rorpiMcivtrasK  VUVMiui  is  uirinttM  d«srsn«»  nuntKfs  arv 
«aj*W4l>1IS38«lan<l  as«(M(\ 
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Toxicity  and  Health  Hazard  Assessment  for  Synthetic  Paraffinic  Kerosene 
71 Human  Performance  Wing  (HPW)/RHPA 

David  Mattie,  PhD 

(Presented  by  Dr.  John  Hintz,  U.S.  Air  Force  School  of  Aerospace  Medicine) 

The  U.S.  Air  Force  is  pursuing  the  development  of  alternative  fuels.  One  jet  fuel,  designated  as  Synthetic 
Paraffinic  Kerosene  (SPK),  is  produced  from  natural  gas  using  the  Fischer-Tropsch  (F-T)  process.  The 
toxicology  experimental  results  for  SPK  showed  that  dermal  irritation  was  slight  to  moderate  and  genotoxicity 
studies  were  negative.  Results  for  the  acute  inhalation  study,  in  which  male  and  female  rats  were  exposed  to 
2000  mg/m3  for  4  hours,  revealed  no  abnormal  clinical  observations.  In  the  two-week  range  finder  study,  male 
and  female  F344  rats  were  exposed  for  6  hours  per  day,  5  days  per  week  to  an  aerosol-vapor  mixture  of  jet  fuel 
(0,  500,  1000  or  2000  mg/m3).  Based  on  results  of  the  two-week  study,  male  and  female  F344  rats  were 
exposed  for  6  hours  per  day,  5  days  per  week  for  90-days  to  an  aerosol-vapor  mixture  of  0,  200,  700  or  2000 
mg/m3  SPK  jet  fuel.  Histological  findings  in  the  nasal  cavities  were  minimal  (700  mg/m3)  to  mild  (2000 
mg/m3),  while  only  the  high  dose  (2000  mg/m3)  produced  multifocal  inflammatory  cell  infiltration  in  rat  lungs 
(both  sexes).  The  50%  respiratory  depression  (RD50)  value  from  the  sensory  irritation  inhalation  study  was 
calculated  to  be  10,939  mg/m3.  In  a  comparative  health  hazard  assessment  (HHA),  these  SPK  results  were 
compared  to  JP-8.  SPK  appeared  moderately  less  toxic  or  irritating  than  JP-8  under  similar  exposure 
conditions.  An  Occupational  Exposure  Limit  (OEL)  for  SPK  was  proposed  to  be  200  mg/m3,  which  is  the 
current  limit  set  for  JP-8.  Supported  by  AFMC  77  AESW/LF. 
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Outline 


*  CONTEXT:  THE  PAST  AS  PROLOGUE 

—  Petroleum-based  jet  fuels  -  reviews,  RA  &  Exposure  Guidelines 

—  Key  Issues;  The  Challenge  of  Mixtures 

*  FISCHER-TROPSCH  (SPK)  PROGRAM 

—  The  Current  Program 

—  Toxicity  Assessment 

*  SUMMARY;  HRA  &  OEL 

—  Respiratory  Issues  &  Summary 

—  OEL  Recommendation 

*  FUTURE  DIRECTIONS 


adfibjQo)  forpjbicMPftSP, 


(t.AFMC.a(MO>00«^  6/1/X10 


JET  FUEL;  The  Past  as  Prologue 


*  Industry  &DOD 

—  Wi de  variety  of  petroleum -derived  fuels  - 1 5  fuels  identified 
—  Important  kerosene-based  fuels:  JP-8,  JP-5,  Jet  A,  Jet  A-1 


•  Logistics,  strategic  security,  energy  independence 

—  JP-8:  DOD’s  ‘'universal  fuel”:  airplanes,  tanks,  stoves,  heaters  ... 

-  HPV  annual  consumption:  USAF  DOD  Civilian 

B-Gals/yr  2.5  5  25 

-  Augment  with  synthetic  Jet  fuel(s) ...  Fischer-Tropsch  (SPK) 


*  Characteristics  -  petroleum- derived  fuels 

—  Properties/ com  posit!  on  -  vary  by  source  &  batch 
-  F-T  is  synthesized  -  more  controlled  process 


•  The  “Risk  Assessment  Challenge” 

—  How  to  accom  modate  their  variability  &  com  plexity? 


Imlb9d  AFKC^IOCCd^  €/ie010 


CONTEXT:  Prior  Reviews 


WPAFB:  THRU  &  AFRL  technical  research 

-  Consortia  w/ industry  &  academia 
ATSDR Toxicological  Profiles  (MRLs) 

-  Two  volumes:  1995  JP-4  &  JP-7 

1998  JP-5  &  JP-8 

Two  USAFIOH-Sponsored  Jet  Fuel  Conferences 

-  Jet  Fuel  I  (1999)  -  defined  issues  &  research 

-  Jet  Fuel  II  (2001)- results  ^RA&RM 
Two  NAS-COT  PEL  Assessments  (mg/m^) 

-  1996USN  JP-5/8/DFM:  850  &  1000  (STEL) 

-  2008  USAF  JP-8:  200  (vapor)  &  5  (aerosol) 
ACGIH  TLV  &  AFOSH  48-8 


—  Both  guides  referenced  NAS-COT  assessments 
—  Incorporated  aerosol/vapor  Issue  &  RD50 
•  NAC-AEGL  (1999-2009) 

-  Guidelines  -  captured  all  previous  work 

-  AFIOH  -  generated  Aiarie/URT  irritation  data  (RD50) 


Pd.  APMO-SOIOCOe^ 


95 


Proceedings  of  the  2010  AFMS  Medical  Research  Symposium 

Volume  4  Force  Health  Protection 


CONTEXT:  The  Challenge  of  Testing 
Jet  Fuels 


•  Key  question :  What  is  the  toxicity  of  the  whole  fuel? 

—  Questions  addressing  exposure  scenarios  are  2’'^  tier  questions 

•  Issues 

—  Complex  mixtures  with  many  components 

—  Volatility  varies  across  components  ^  implications  for  saturation 

—  Toxicity  component  characteristic  or  a  distributed  property 

—  Risk  ^  fuel  fractionation  ...  older  studies  left  constituents  behind 

•  Procedures  &  techniques  for  whole  fuel 

—  Oral,  dermal,  etc.:  whole  fuel  by  direct  application 

—  Inhalation:  atomize  fuel m/xed  vapor /aeros of  atmospheres 

*  dynamic  atmospheres  ...  vary  with  concentration 

*  quantitate  vapor  &  aerosol  concentrations  ...  saturation  limits  vapor 
cone. 

*  incorporate  into  current  toxicology  &  Alarie  studies 


CONTEXT:  Data  Sets  - 
Jet  Fuels  vs.  F-T 


JP-5  &  B 
JetA&A-1 

F-T 

Data  Gaps 
? 

Acute 

-t- 

✓ 

URT  Irritation 

-1- 

✓ 

Sub-acute 

- 

✓ 

Subchronic 

4- 

y/ 

Chronic 

- 

- 

? 

Cancer 

- 

- 

? 

Immunological 

-1- 

? 

Neurological 

-1- 

✓ 

Developmental 

-1- 

- 

? 

Reproductive 

•k 

? 

Ge  notoxic 

4- 

y/ 

t  =  data  available 

;  -  =  no  data;  ^ 

=  data  now  available 

GOAL;  comparative  risk  assessment,  derivation  of  OEL 

OidUbiCon  Stalnnait  A  Apofowd  fa  pubfic  tfdHbjOon  uilmlbPd.  6/1C010  5  Oid«tMtion  SbtPffloit  A  Acpnwd  to  pubi«  Moeso,  uilmibM  6/1C010  V 


Toxicology  of  Synthetic  Jet  Fuel 


Toxicity  Assessment  of 
Fischer-Tropsch  (F-T)  Jet  Fuel  (SPK) 


*  Background  on  SPK 

*  Development  of  the  SPK  toxicity  program 

*  SPK  toxicity  program  -  Principle  components 

—  Dermal  Irritation 

—  Genotoxicity 
—  Inhalation  Studies 


imIbPd.  A]:iMC^100043  €/ie010 


OidMbJbon  A  AwfW94  tQ  pubic 


A^)M&2010C0«^  €/ie010 
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BACKGROUND 

Definitions  Se  Origins  &  Goals 


BACKGROUND 

SPK  -  Synthesis 


*  SPK  (aka  F-T,  S-8...)  =  Synthetic  Paraffinic  Kerosene 

*  F-T  = 'Fischer-Tropsch" 

-  S-8  =  "Syntroleuni-8'' 

•  USAF  initiated  the  “alternative  fuels"'  program  in  1999 

‘  Program  sponsor 

*  Alternative  Fuels  Certification  Office  (AFCO] 

[AFMC  77  AESW/LF] 

«  MlL-J-IDBK-510  Aerospace  Fuels  Certification 
^  Certify  -  fleet  on  alternative  fuel  by  2011 

*  Ply  -  cost-competitively  purchase  SOy^  of  domestic  aviation 
fuel  via  "greener^  alternative  fuel  blend  by  2016 

‘  To  be  used  as  a  “drop  in*'  fuel  for  JP-S 


—  Synthetic  Jet  fuel  derived  by  converting  natural  gas 

*  Can  also  be  made  using  coal  gasification  technology 

*  Current  synthetic  jet  fuels  (S-8)  are  alkane-rich 
—  Potential  risk  reductfon  -  no  aromatics/naphthalene 

E - ^ 

7~'^S¥nflw[CO*K3) 

= - H  n  Rmtar  I 

I  Fs&dstocK  I  ^ 

^nthaEic  Cnuct'e 

{Ztl+1)H2+nCO 


BACKGROUND 

Certification  Status 


SPK 

Program  Development 


JP-a/SPK  50:50  Blend 
^  B-52  Certified 
C-17Certified 
^  B-1B  Certified 
F-15Certifed 

^  F-22 ,  FIQFA  and  T-36  Certified  after  OEL  proposed 
v"  C-5  and  A-10  Certified  in  2010 
^  All  fixed  fuels  infrastructure  and  GSE&V  Certified 
^  All  USAF  engines  conforming  to  Mil-DTL-S3133F 
APUs  certified 

^  USAF  Commercial-Derivative  aircraft  certification  by  FA, 
•  8  plane  certifications  in-process 


•  Funded  by  AFCO 

*  Goal  -  Complete  initial  toxicity  tests  by  end  FYOfl 

*  To  e  ns  u  re  that  toxic  tty  p  ro  g  ra  m  add  re  sses  a  1 1  issues  asso  ci  ated 
with  testing  a  complex  mixture,  such  as  jetfuefj  an  expert  review 
panel  of  toxicologists  was  established  to  discuss  the  toxicity 
testing  program  and  provide  advice  on  testing  procedures. 

•  Health  Hazard  Assessment  and  recommended  OEL  by  end  FY09 
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SPK 

Program  Development 


SPK 

Program  Development 


Expert  Panel: 

•  Chair: 

»  David  Mattie,  Ph.D.,  DABT,  Chair,  711  HPW/RHPB 

•  Membership: 

•  John  HInz,  USAFSAM/OEHTH 

•  Gunda  Reddy,  PhD,  USACHP PM 

•  LT  Dean  Wagner,  PhD.  MSC,  USN,  NHRC/EHEL 

•  Katherine  Kurtz,  NMCPHC  for  HHA 

•  David  Steup,  PhD.  Shell  Oil  &  Chairman,  API-TTF* 

•  Wayne  Daughtrey,  PhD,  Exxon  Mobil  for  HFIA* 

•  Errol  Zeiger,  Ph  D,,  J.D.,  Errol  Zeiger  Consulting,  Chapel  Hill,  NC 

*  AFRL  has  CRADAwith  API 


Develop  appropriate  study  design  for  each  toxicity  test 
All  testing  EPA  /  OECD  test  guideline  &  GLP  compliant 
Test  100%  SPK  maximize  SPK’s  effects 
Study  array: 

Dermal  irritation  test  (SPK  vs.  JP-S  vs.  50/50  blend) 

^  /r?  wfra  gen otoxicity  tests 
v'  Acute  Inhalation  study 

Sub-acute  inhalation  rangefinder  study 
y  in  vivo  gen otoxicity  test  in  tandem  with  sub-acute 
y  90-day  inhalation  toxicity  study 
y  Sensory  Irritation  Assay  (RD^^) 

OisriwIonStaiwfflPntA:  j^iprcMOd  rQrp(«licr«1««»,  4ieti^lcnun»niM.  ^1/3010 


Characterizing  SPK's  Effects 

Dermal  Irritation/Toxicity 


Characterizing  SPK's  Effects 

In  Vitro  Genotoxicity 


Tested  100%  SPK,  JP-8  and  50/50  mixture  SPK/JP-S 

Unoccluded  and  semi-occluded  exposures  (each  animal  its  own  control) 

Primary  Irritation  Index  calculated  to  assign  a  descriptive  rating  to  each  test 
article  and  mixture 


1 

1  JP-8  1 

SPK 

1  JP-8/SPK  1 

Occluded 

Irritation  Index 

2.1 

2,3 

1.9 

Descriptive  rating 

moderate 

moderate 

slight 

Semi -occluded 

Irritation  Index 

1.8 

0.8 

1.5 

Descriptive  rating 

Slight 

slight 

slight 

Ames  Test  (reverse  mutation  assay) 

-  Establish  potential  to  induce  point  gene  mutations  in  standard 
bacterial  test  in  S.  typhimurium.  Does  His(-)  His(+)? 

-  Results 

No  toxic  or  mutation  effects  in  any  of  five  tester  strains 
No  relevant  increase  in  revertants 

Chromosomal  Aberration  (CA)  Test 

-  Establish  potential  to  Induce  chromosomal  aberrations  In  human 
lymphocytes 

-  Results 

v'  No  chromosomal  aberrations  induced 
Conclusion 

y  SPK  is  neither  mutagenic  nor  clastogenic 
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Characterizing  SPK’s  Effects 
^^^^nhalatior^bxicit 


•  The  challenge  of  testing  jet  fuels  -  complex  mixture  with  many 
components 

—  Does  toxicity  reiate  to  certain  components  or  does  it  depend  on  the  entire 
compiex  mixture? 

•  Program  requirements  for  a  complex  mixture 

-  Present  ali  constituents  ->  aerosolize  fuei  aerosoi/vapor  mixture 

-  Characterize  vapor  &  aerosol  partitioning,  fingerprints,  particle  size 


Characterizing  SPK's  Effects 

Inhalation  Toxicity 


•  Acute  Inhalation  Study 

*  4  hour  exposure 

*  2000  mg/m^  dose 

*  5  males/ 5  females 

*  No  clinical  symptoms  observed 


OisrtoulcflSta^MnMitA:  j^iprcM^  rorpablicr«1«b«». 


Characterizing  SPK's  Effects 

Inhalation  Toxicity 


Characterizing  SPK's  Effects 

Two -week  Inhalation  Toxicity 


Two-week  Study 

•  Rangefinder  for  90-Day  study  +  micronucleus  assay 


Group 

1  Exposure  Level  | 

Number  of  Animals 

mg/m^ 

Males 

Females 

Control 

0 

5 

5 

Low 

4-97.0  +/-8.4 

5 

5 

Intemiediate 

999.0  +/-1 9.9 

5 

5 

High 

1958.1  +/-41.8 

5 

5 

Micron  uclei  Neg  Control  0  5  5 

Micronudei  Pos  Control  0  5  5 

Total  30  30 


Study  Endpoints 

•  Observations  before/after  exposures  for  overt  signs  of  toxicity 

•  Tissues  and  organs  examined  for  gross  pathology 

-  nasal  airways,  trachea,  larynx,  lungs,  liver,  kidney,  spleen, 
adrenals  and  heart 

-  bone  marrow  (femur)  for  micronuclei  analysis 

Genotoxicity  Results 

•  Micronuclei  (MN)  Induction  Assay  with  Positive  Control 

-  Bone  marrow  examined 

-  No  micronuclei  seen  as  a  result  of  exposure 
Confirms  SPK  is  non-genotoxic 


6^/2010 
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Characterizing  SPK’s  Effects 

Two -week  Inhalation  Toxicity 


Characterizing  SPK’s  Effects 

Two-week  Inhalation  Toxicity 


General  Observations/Results 

•  Body  weight  changes  in  high  dose  rats 

•  No  change  in  food  consumption 

•  All  animals  survived  to  necropsy 

Necropsy  Results 

•  Trachea,  larynx,  spleen,  adrenals,  heart  no  adverse  effects 
observed 

•  Liver  •  Hepatocyte  hypertrophy  all  exposed  males 

only  highest  dose  females 

•  Kidney  -  Hyaline  droplets  (PCT)  all  males  exposed 

(male  rat  specific;  not  females/humans) 

OififiMilonSbtnnpntA:  for  6^/3010  2 


Necropsy  Results 

Lungs-  Incidence  cf  Inflaininatcry  Cell  Infiltration 


Group  [mg/m^] 

Multifocal  Inflammatory 

Cell  Infiltration 

Focal  Inflammatory 

Cell  Infiltration 

Control  [0]  (Male) 

0 

0 

Low  [500]  (Male) 

0 

0 

Intermediate  [1000]  (Male) 

1 

1 

High  r2QQQipaal^l 

5 

0 

Control  [0]  (Female) 

0 

0 

Low  [500]  (Female) 

0 

0 

Intermediate  [1000] 

(Female) 

0 

2 

High  [2000]  (Female) 

5 

0 

OisrtouicnStatMriMitA:  rorpablicr<i«ee».  j^020i04Ci^ 


Characterizing  SPK’s  Effects 

Two-week  Inhalation  Toxicity 


Characterizing  SPK’s  Effects 

90-Day  Inhalation  Toxicity 


Necropsy  Results 

•  Nasal  Cavity-  Incidence  (out  of  5)  of 
Olfactory  Degeneration 

*  Severity:  Minimal  at  1000  mg/m^;  Mild  at 
2000  mg/m^ 


Group  [mg/m^] 

Level  II 

Level  III 

Level  IV 

Control  [0]  (Male) 

0 

0 

0 

Low  [500]  (Male) 

0 

0 

0 

Intermediate  [1000]  (Male) 

2 

2 

0 

Hh  BOOOlfflalt 

4 

5 

5 

Control  [0]  (Female) 

0 

0 

0 

Low  [500]  (Female) 

0 

0 

0 

Intermediate  [1000]  (Female) 

2 

4 

4 

High  [2000]  (Female) 

5 

5 

4 

First  cf  two  primary  studies  for  SPK’s  HHA  &  OEL 

90-Day  study  design  based  on  E PA  &  OECD  test  guidelines 

*  Full  histopathology  list  plus 

*  Neurotoxicity  Screening  Battery  (Motor  Activity  &  FOB) 

•  Sperm  morphology  &  vaginal  cytology 

Second  of  two  primary  studies  for  SPK’s  HHA  &  OEL 

Sensory  Irritation  Assay 

•  ASTM  E-981-04  -  standardized  procedure,  derived  from  Alarie  (1 973) 

•  Based  on  dose  /  response  for  breathing  rate  depression 

*  Alarie  established  correlation  with  established  TLVs  ->  OEL 


Pd. 
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Characterizing  SPK's  Effects 

90-Day  Inhalation  Toxicity 


Characterizing  SPK’s  Effects 

90-Day  Inhalation  Toxicity 


Group* 

Exposure  Level 

Number  of  Animals 

mg/m^ 

Males 

Females 

Control 

0 

5 

5 

Control 

5 

5 

Low  Dose 

200 

5 

5 

Low  Dose 

5 

5 

Intermediate  Dose 

700 

5 

5 

Intermediate  Dose 

5 

5 

High  Dose 

2000 

5 

5 

High  Dose 

5 

5 

Total 

40 

40 

^  Staggered  groups  to  allow  sufficient  time  to  collect  data  at  end  of  exposure. 


rbr  dieb^lSonunlirtM.  6^/2010 


Observations  &  Results 

•  Animals  observed  before  and  after  exposures  for  overt 
signs  of  toxicity  -  BW  decrease  only  at  2000  mg/m^ 

•  Tissues  and  organs  examined  for  gross  pathology  -  no 
biologically  significant  changes 

•  Blood  collected  for  clinical  pathology  -  no  biologically 
significant  changes 

•  Full  tissue  list  collected  for  histopathology 

•  Analyzed  male  rat  kidneys  for  alpha  2  microglobulin 

-present,  but  SPK  weak  inducer  compared  to  JP-8 

Oisr^lonStaiwfnpntA:  j^iprcMOd  rQrp(£licr«1««»,  dieti^lcnunhiilml.  ^1/2010 


Characterizing  SPK's  Effects 

90-Day  Inhalation  Toxicity 


Characterizing  SPK’s  Effects 

90-Day  Inhalation  Toxicity 


Observations/Results 

*  Full  tissue  list  collected  for  histopathology  -  only  significant 
changes  in  nasal  cavities  and  lungs  in  2000  mg/m^rats 


Group  (mg/m^) 

Olfactory  Epithelial 
Degeneration 

Hypertrophy/Hyperplasia  of 
Goblet  Cells, 
Nasopharyngeal  Duct 

Incidence/Severity 

Incidence/Severity 

Male 

Female 

Male 

Female 

Control  (0) 

0 

0 

0 

0 

Low  (200) 

0 

0 

0 

0 

Intermediate  (700) 

9/minimal 

8/minimal 

10/minimal 

9/minimal 

High  (200D) 

10/s  light-mild  lO/slight-mild 

10/slight-mild 

10/slight-mild 

rcrp^fer<l«s«(  dbbtMtionunKirtM.  6^/2010 


Observations/Results 

•  Full  tissue  list  collected  for  histopathology  -  only  significant 
changes  in  nasal  cavities  and  lungs  in  2000  mg/m^rats 


Group  (mg/m^) 

Multifocal  Inflammatory 
Cell  Infiltration 

Focal  Inflammatory  Cell 
Infiltration 

Incidence 

Incidence 

Male 

Female 

Male 

Female 

Control  (0) 

0 

0 

0 

0 

Low  (200) 

0 

0 

1  0 

Intermediate  (700) 

0 

0 

1  3 

High  (2000) 

10 

10 

0 

0 

OisrbglonSbtPfnpfiU:  j^)prw«4  tor  ptMic  dbd^lonunknitod.  ^1/2010 
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Characterizing  SPK’s  Effects 

90-Day  Inhalation  Toxicity 


Observations  &  Results  (cont.) 

•  Motor  Activity  and  Functional  Observational  Battery 

•  Assessment  of  neurobehavioral  effects 

•  Only  changes  in  2000  mg/m^rats 

«  Sperm  Morphology  and  Vaginal  Cytology 
Examinations 

•  Sperm  stained  and  examined  for  percentage  of  abnormal 
sperm 

•  No  effects  seen 

•  Potential  alterations  in  the  estrous  cycle  assessed  by 
examination  of  cells  from  vaginal  smears 

•  No  effects  seen 


Characterizing  SPK’s  Effects 

URT  Sensory  Irritation 


Administration:  vapor/aerosol  mixture,  30  min  (+)  recovery 

•  Establish  dose/response  for 

•  Multiple  groups  of  male  mice  -  4  mice  per  group 

•  Exposed  for  30  minutes 

•  Compare  with  JP-8  data 


Concentration  (mgymr^ 


RD50  (mg/m^): 

SPK  vs,  JP-8 
10,939  2,876 

Higher  value  means  less 
irritating 


OisrfculofiS«(»m9ntA:  forptMicr 


a.  ^1/2010 


Characterizing  SPK’s  Effects 

Conclusions 


*  Dermal:  slightly  to  moderately  irritating  -  same  as  JP-8 

*  Not  Genotoxic:  two  in  vitro  and  one  in  vivo  studies 

*  Inhalation 

-  Acute  •  No  clinical  symptoms  observed  at  2000  mg/m^ 

-  2-week  -  Histological  findings  in; 

v^Lung:  inflammatory  foci  evident  in  highest  doses 
Olfactory  epithelia:  degeneration  in  highest  doses 
^Kidney;  hyaline  droplet  accumulation  in  all  male  rats  exposed 
(not  relevant  to  human  kidneys) 

Liver:  hepatocyte  changes  not  seen  after  90 -days 

-  90 -day 

V  Significant  changes  limited  to  highest  dose 
>^  200  mg/m^  was  a  no  effect  level 

-  Sensory  Irritation 

V  Less  of  an  irritant  than  JP-8 


HRA&OEL 

Respiratory  Issues  &  Summary 
Recommendation 


j^C-20iC4«2,  6^/2010 


A  tQ  pubic  1^9^. 


€/ie010 
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Upper  Respiratory  Tract  Sensory 
Irritation 


ASTM:  Standard  Method  1981-84 

•  Derived  from  Prof.  Yves  Alarie’s  Assay  (1966-82) 

—  Method  to  detect  effects  before  damage  is  done 

—  Reflex-Induced  modification  of  respiration 
—  Simple,  reproducible,  quantitative  measure  of  irritancy 

•  Based  on  exposure  concentration  vs.  breathing  rate 

*  Describe  dose-response  &  median  effective  dose  RD50 

*  Application 

—  Identify  respiratory  &  eye  irritants 
—  Comparative  ranking 

—  Propose  OELs  ...  must  be  in  context  w/  health  effects/ 
toxicology! 

—  Many  industrial  chemicals  tested  ...  including  jet  fuels 


P<  6/ICOIO 


Baseball  analogy;  1%  &  10%  =  left  &  right  field  foul  lines 
3%  =  hit  onto  the  field  of  play 
Apply  rest  of  toxicology  to  define  score 

OidKtution  SbtPffloit  A  AppfWP^  t<j  pubi«  uilmibM  6/ICOIO  35 


SCHEMATICS 

-  sensory  vs.  pulmonary  irritation 


Imlb9d  €/ie010 


OiflWbJtton  A  Aiprewd  fa  pubic  rPleasP.  <SdHtM«on  ifiSm*»4  AflM&201000«3  6/1C010  37 
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1  4 

CONTEXT:  ASTM  Method  E981  -84  Applied 
To  Various  Jet  Fuels 

RDgo  Data  Sets 


FUEL  1 

JP-4  1 

JP-5 

1 JP-8+100  1 

JP-8 

IFT 

4842 

3338 

1629 

2876 

10,939 

48 

33 

16 

29 

109 

hit  ->  8% 

145 

100 

49 

86 

328 

480 

334 

163 

288 

1094 

max  vapor 

804 

- 

708 

736 

PEL  (mg/m^) 

200 

'^200'^ 

aerosol 

5 

'"5" 

STEL /IDLH 

1000/1800 

‘'1000" 

CONTEXT:  NAC-AEGL  &  ACGIH  TLV 
&  AFOSH48-8 


•  NAC-AEGL 

—  Three  degrees  of  severity  across  five  time  periods  (mg/m^) 


1  AEGL-I:  290 

AEGL-II:  1100  | 

AEGL-ill:  ND  | 

RDso 

"WOE"  -  6  studies 

no  mortality  -  no  data 

—  Public  comment  peer  review  finalized  by  NAS-COT 

*  ACGIH  TLV  for  kerosene  &  jet  fuel 

—  Broad  survey  -  captures  COT  (1996),  AFIOH 
—  Guideline:  200  mg/m^  as  vapor;  no  STEL  or  IDLH 
—  Warnings;  skin  and  respiratory  irritation,  aerosols  more 
irritating 

*  AFOSH48-8 

—  Incorporates  NAS-COT,  AFIOH,  ACGIH  evaluations 


|OELTWA(mg/m3)  I 

STEL(mg/m3)  I 

200 

1800 

OidCribiConSealPfnait  A  ^^tuison  6/ICOIO 


aaiibMon  SbtPffloit  A  A(pfOM94  tQ  pubic 


COMPARATIVE  ASSESSMENT:  JP-8  vs.  F-T 


PROGRAM  SUMMARY 


AEGL  (mg/m^)  I  Level-1  I  Level-ll  I  Level -III 


JP-8  290  1100  NR  (no  mortality) 


10211 


RD50  (mg/m3) 

2876 

10939 

Iffl  ^  1% 

29 

109 

3% 

86 

328 

rtfl  ^  10%  (threshold) 

288 

1094 

max  vapor 

708 

736 

1  (mg/m^)  I 

F-T  NOAEL  (2  wk  -  su  bch  roni  c) 

200-500 

LOAEL  (2  wk  -  subchronic) 

700-1000 

Uncertainty  range  3-10 

20-333 

JP-8  NAS-COT  Guidance 

5/200 

(aerosol  /  vapor) 


OidMbibonSta^oit  A  Atpro^  rapubicMrase,  ddbrfbjbon  tnimlb9<  A^M&2C10004^  €/1C010 


F-T  /  SPK  Program 

—  Assembled  multi-disciplinary  team  defined  key  data 

—  Toxicology  studies:  GLP  &  test  guideline  compliant 

—  Developed  F-T/SPK  data  base  comparable  to  J P-3 

Findings 

—  Dermal  Irritation:  SPK  =/<  JP-8 

—  Genotoxicity:  Notgenotoxic 

*  neither  mutagenic  nor  clastogenic 

*  not  likely  to  he  frankly  carcinogenic 

—  Inhalation  Toxicity 

*  acute  -  unremarkable 

*  2-wk  study  -  effects  minimal-mild,  NOAEL  500-1000  mg/m^ 

*  subchronic  -  effects  minimal-mild,  NOAEL  200-700  mg/m^ 

(sperm  morphologyA/aginal  cytology  unremarkable) 

*  Potential  for  respiratory  irritation  -  less  than  JP-8 


OidMbJbon  A  Afpro^  tQ  pubic 


€/ie010 
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RECOMMENDATION:  F-T&  50/50 
Blend  w/JP-8 


•  Flight  Certification 

-  50/50  blend  of  F-T/JP-8 

•  Based  on  comparative  toxicity,  F-T  vs.  JP-8 

—  F-T  is  comparable  to  /  less  toxic  or  hazardous  than  JP-8 
•For  safety’s  sake  -  conservative  approach 
—  Let  the  “more  hazardous”  fuel  define  OEL  &  ESOH 
guidance 


*  Adopt  JP-«’s  OEL  and  ESOH  practices  -  established, 
familiar 

*  Apply  to  both  blended  fuels  &  pure  F-T  -  prudent, 
protective 


•  Preparation  of  OEL  guidance  /  ESOH  policy  begins 
at  USAFSAM 


FUTURE  DIRECTIONS:  Preparing 

•  AFOSH48-8 

—  “Umbrella”  for  specific  OELs 

—  Rescinded  ...  guidance  still  needed 

•  USAFSAM  Mission  guidance  governing  use/exposure 

—  Draft  HRA  &  OEL  guidance 

•  Kerosene -based  fuels 

•  F-T /SPK  derived  fuels 

•  Other  synthetic  fuels 

—  Capture  requirements  for  informed  review  guidance 

—  Draft  guidance ->  predicate  for  ESOH  policy 

•  Policy  requires  SG  concurrence 


OidCrtbiConSealPfnait  A  wimlbM  6/lCOlO 


OidthtuliMiSbtPmait  A  AfproMH  rv  pubic 


FUTURE  DIRECTIONS:  Bio  Derived  jO. 

Fuels  ■  Issues 

*  Biomass  -  many  sources/products  for  deriving  bio  derived  fuels 

*  Timeframe- from  development  to  certification  -  critical 

—  EPA:  5-1 0  years;  USAF  needs  results  in  2-3  years 

•  The  challenge  of  testing  &  certification 

—  Too  many  fuels  to  conduct  FT  program  for  eve/yfuel 

—  Need  methods  &  process  to  conduct  analytical  screen  of  new  fuels 

*  Comparison  of  chemical  components  base  on  GC/MS  QUESTIONS? 

—  Identify  the  appropriate  toxicity  tests  as  screen  for  new  fuels 

*  NAS  recommendations  (1996  & 20 Q3) 

*  REACH  Program  -  Europe 

*  T oxcast  Program  -  USEPA 

*  Existing  health  hazard  assessments  for  J P-3  &  F-T  as  context 

—  Identify  relevant  endpoints  as  predictors  for  new  fuel  HHA  &  OEL 

•  New  bio  derived  fuels  -  “Hydrotreated  Renewable  Jet”  (HRJ) 

—  Two  new  fuels  to  be  certified  by  AFCO 

—  Both  fuels  need  HHA  &  OELs 


imlbP4.  AF]MC^1«0043  €/ie010 


OidMbJbon  A  Afpro^  tQ  pubic 


AF)M&2C10C0«^  6/ie010 
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Cellular  Bioeffects  Thresholds  for  Terahertz  Frequency 

71 Human  Performance  Wing  (HPW)/RHDR/AFRL  8262  Hawks  Rd,  Brooks  City-Base,  TX  78235 
Gerald  Wilmink,  DRII/Biomedical  Engineer 

The  Terahertz  (THz)  region  of  the  electromagnetic  (EM)  spectrum  is  defined  as  frequencies  ranging  from  0.1  to 
10  THz.  Historically,  few  sources  have  been  available  for  this  region;  however,  in  recent  years,  several 
advances  have  been  made  in  THz  source  development.  Such  advances  have  enabled  numerous  “real  world” 
applications.  For  instance,  THz  techniques  are  now  being  used  for  security  purposes  to  identify  concealed 
explosives,  drugs,  and  weapons.  However,  despite  efforts  to  develop  these  applications,  the  bio-effects 
associated  with  THz  radiation  are  not  well  characterized. 

In  this  study,  we  used  computational  and  empirical  approaches  to  investigate  the  biological  effects  associated 
with  THz  radiation  at  a  tissue,  cellular,  and  molecular  level.  To  examine  THz-tissue  interactions  we  conducted 
the  following:  (1)  Developed  THz-  spectroscopy  system  to  measure  the  optical  properties  of  biological  tissues; 
(2)  Determined  tissue-damage  thresholds  (ED50)  using  a  Free  Electron  Laser  and  a  molecular  pumped  THz 
source;  and  (3)  Developed  computational  modeling  algorithms  to  predict  dosimetry  and  damage  thresholds. 

To  examine  THz-cellular  effects  we  conducted  the  following:  (1)  Developed  computational  models  to  predict 
dosimetry  and  cell  death-thresholds  for  THz-exposed  cells;  (2)  Empirically  determined  cell-death  thresholds 
using  a  THz  laser,  infrared  camera,  MTT  assays,  flow  cytometer,  confocal  laser  scanning  microscope,  and 
several  adherent  and  suspension  cell  lines  (e.g.  Hela,  NHDF,  Jurkat). 

Last,  to  examine  THz-biomolecular  effects,  we  used  molecular  dynamics  modeling  and  empirical  approaches. 
Specifically,  we  used  genomic  and  transcriptomic  analysis  techniques  (microRNA/mRNA  microarray  gene 
chips  and  qPCR)  to  characterize  the  cell’s  molecular  response  to  THz  radiation. 
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Meet  the  Speaker 

My  flight  to  the  Air  Force 


THE  AIH  POnCE  nEREAnCH  LAODnATDRY 

LEAP  I  O^KOVin  -I  DEVILPr*  b  DtL^ViP  ^ 


Cellular  Bioeffects  Thresholds 
at  Terahertz  Frequencies 

Gerald  J.  Wilmink  Ph.D. 


Air  Force  Research  Laboratory 
Kead  of  Te rah edz  Research  Lab 


AFMS  Medical  Research  Symposium 
Force  Health  Protection  Track 
2  5  August  20 1 0  from  1 0:45-  11:15AM 


Riomedic«l  Fugin<»nng 


Biomedical  Engineering 


hhiJlONAL  ACAD&wV  OF  SCievICES 


the  National  Research  CauncB 


ti.ii.iirLL  Appiihr-l  lrj'  nihiir.rplHJiir 


A  Tragedy  Brings  Terahertz 
to  Center  Stage 


CoJumbia  Tragedy  MAS  A  blames  foam 


Foam  InsuEatlnn  broke 
off  external  tank 


NDI  Technioues  THz  imaging 

Dr.  Zhar-H  ('^1) 


1 .  Micrewave  Imaging 

2.  T-ray  Imaging 

3.  Lasor  Shanrography 

4.  X-Ray  Imaging 

Superior  detection 
foam  voids 


February  2GD3  March  2003  April  2003  October  2003 


Timeline 


The  Next  30  Minutes  of  Our  Life 


Part  1  —  Introduction  to  Terahortz  (THz) 


-  What  is  THz  radiation? 

-  Rich  &  unique  properties 

-  Rcccnl  trends  &  Motivalion 


10"  10’" 


Frequency  (Hz) 

10"’  10'’  10’"  in'^  10’" 


UlJ.  IJIU^  JIILl^  I  lJUlJ  ILIU^  L 


Part  2  —  THz  bioeffects  research 

-  Cell 

-  Organelle 

-  BiomoIccLitar 


Part  3  —  Questions  &  Discussion 


AjifirQ'.".  d  tcx  publltrEluiic. 
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What  is  Terahertz  Radiation? 


Electromagnetic  Spectrum 


Frequency  tKi)  m'  m' m"  m 

1  — 1  — 1  — 1  — 1  — i  — t  — i  — t 

“  m''  id'-*  id”  id”  id”  id”  id”  loi"  ic 

..-i  ..-i  ...-I  ■ — 1  . — 1  . — 1  .  .—1  .  —I .  —I 

Banda 

hCarilaiwnvH 

,V*^  THz 

■  - 

Tsnihertz  Frec^enc^ 
ft  THz  =  1012Hz} 


Wavelength  (jjm) 


30  W  1000  100  30 


Energy  (oV) 


Historically,  dubbed  the  “THz  gap"  because  few  sources,  detectors,  and 

systems  were  available 

l%\fij|iuTimi  A  ilqipiLtarif  iirl>.. 


T-Ray  Properties:  Rich  &  Unique 


1.  Rich:  motecular  Vibrations  &  rotations 


^a‘  iE)‘  10*  lo”  id"  10^  ic”  lo'*  id'*  id’*  io'^  id** 

.-t  ...-I  ..-j  ...-t  ...j  ...-]  .—I  ..._>  ..-t  — 1 ..--]  .._]  .. 

: 

-  i  Jj  ■  ^ 

5.  -* 

' '  ■*! 

/  . 

H  EKSS^IIO 

*■ 

Bom  2009 


Z.  Unique  spectroscopic  fingerprints 


,  ;fir 


OlBa  I’rwd  Irtowi^jll 

risdierPlh.O.  Thesis 


3.  THz  =  non-lonlzlrta  radJatlon 

■knv&lbO:i  Dnatirt  ol  RdBCuItt  •  13  nV 
‘■TH?  pWtJne  -  D.MH  -  O-t  eW 

tt  H"  H?  »'  Ifl”  «r  Ifl'  »-  Itf"  B"  Ifl^  »'  M"  liP 


4.  Petals  tRH-9^)  &  Ptastics  ^  T 

CATHI  Prdteim  deteotien 


Mo-n-lBtiLiina  Ri.[l<d!iDn 


Isas  I 


I  ApBPWrtfJiSf  1J..«K  IrtH* 


■•A  ' 

iO-ji 


KiirawimSOM 


Recent  Trends  in  THz  Science 
A  Brief  History  of  Time 


THz  Research  at  a  Cellular, 
Organelle,  and  Blomolecuiar  Level 


1.  Water 

—  Optical  properties  &  n) 


2.  Cellular 

-  Viability 


3.  Organelle 

—  Lipid  membrane 

4.  Biomolecular 

-  DMA,  mRNA,  microRNA 

.  Ainiatii  _ ^Lr»'  * 
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Project  #1 


Motivation  &  Goal 


A  Collaborative  Research  Approach 


*  Gabriel  et  al.  (ex  vivo  skin) 
—He  et  al.  (ex  vivo  rat  skin) 

—  FiUgerald  et  ai.  (ex  vivo  skin) 

—  Troy  et  ai.  (in  vivo  skin) 
•Jacques  et  al.  (ex  vivo  skin) 

▲  Marchesini  et  al.  (ex  vivo  skin) 
'^Jacques  et  ai.  (ex  vivo  skin) 

—  Simpson  et  al.  (ex  vivo  skin) 


Government 


Industry  Academia 


Goal  for  Study:  Develop  a  Terahertz  Time-Domain  Spectrometer  to 
^^^^^^^^^MeasureJhe^Optical^Propertiesof^feterUsin^^^^^^ 

Drdft  distnfautian  A.  Approved  for  pubik  release.  9 


Dr.  Wilmink  Dr.  I  bey 


Mr.  Tongue  Dr.  Schulkin 


Dr.  Zhang  Dr.  Peralta 


Distribution  A.  Approved  for  public  release 


A  Compact  THz-Time  Domain 
Spectrometer  for  Skin  Measurements 


mv 


Optical  Properties  of  Water  at 
THz  Frequencies 


How  the  source  works?  Transient  Photoconductive  Switching 


fs  laser  pulse 

A  ^nkek 

780  nm.  100fs,  1  pW 


Photoconductive  Antenna 


IVIstal  alflctrodas  | 

BiLT^St^Bfphotocarrlers 

Metal  electrodes  | 

Photoconductive  (Semi-conductor) 

Broadband 
THz  Radiation 


Distribution  A  Approvedfor  public  release 


Auston  fltal.  1970's 


Etequency  CIHz)  0.1  0.2  03  0.4  05  0.6  0.7  0.S  0.9  1.0  1.1  13  13  1.4  15  l.< 

FHoquency  (cm-*)  3.3  lO.O  133  16.7  20.0  233  26.7  30.0  33.4  36.7  40.0  43.4  46.7  50.0  53.4 

Wavdfngth  Oim)  3000  1500  1000  750  600  500  42S  375  333  300  273  250  231  214  200  1S7 
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THz  Research  at  a  Cellular, 
Organelle,  and  Biomolecular  Level 


in  vitro  THz  Exposure  Setup 


1.  Water 

—  Optical  properties  (p,  &  n) 

2.  Cellular 

—  Viability 

3.  Organelle 

—  Lipid  membrane 

4.  Biomolecular 

—  DNA,  mRNA,  microRNA 

Distribution  A.  ApproMdfor  public  r«lgas«. 


PVC  rubber  gloves 
Distribution  A.  Appto^Md  for  public  release. 


Operator  control  area 


in  vitro  THz  Irradiation  of 
Dermal  Fibroblasts 


Dosimetry  Data 


THz  Source  Parameters 


DistributonA  Approvedfor  public  release. 


Temperature 
Rise  (”C) 


Time  during  exposure  (minutes) 


■4 

■3 

■2 

■1 


■0 


Wilminkstal.  LS/W2010  (accepted) 
Wilminket.  al.  Proc.  ofSPiE.  2010. 

Distribution  A.  Approved  for  public  release. 
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V 


Viability  of  NHDFs  Exposed 
to  THz  Radiation 


I® 


%Viable  with  MTT 
(lEl^ltivetosham) 


WilminiC  et.  al.  I.SJW2010  (accepted) 
Wilmink  et.  al.  Ptoc.  of  SP£.  2010. 


Exposure  duration  (minutes) 


Take  Home  Message:  THz  &  hyperthermic-exposed  cells  exhibit  comparable 
levels  of  viability — appears  damage  governed  by  photothermal  mechanisms 


in  vitro  THz  Irradiation  of 


m  IHyperthermic  (+] 
THz  Exposure 

SIFIR  SO  THz  Laser  Source 

m 

Well:  100  pL  media 
50,000  Jurkat  cells 


2.52  THz 
227  mW/crn^ 
t=  5-50minutfis 


Electric  Shutter 


MTT  Viability 


Take  Home  Message:  Improvements  to  our  experimental  techniques  (focusing, 
purging,  cycloolefine  plates  are  superior  to  polystyrene  plates  (fT  &  J,n) 


Distribution  A.  Apptov«dfor  public  release. 


Distribution  A.  Approved  for  public  release. 


Viability  Data  for  Jurkat  Cells 


THz  Research  at  a  Cellular, 
Organelle,  and  Biomolecular  Level 


10- 

o-|  _ ,  . . 

0  5  ID  15  20  25  30  35  40  45  50 

THz  exposure  duration  (minutes) 

GrumdtJ.  et.al.  BEMS  (in  preparation}  DistributionA.  Approved  fcir  public  release 


1.  Water 

—  Optical  properties  (p,  &  n) 


2.  Cellular 

—  Viability 


3.  Organelle 

—  Lipid  membrane 


4.  Biomolecular 

—  DNA,  mRNA,  microRNA 

DistributionA.  Approved  for  public  release. 
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Our  Experimental  Approach  To 
_ Test  This  Hypothesis _ 


35  mm  glass  bottom  dish 


V 


Fluorescent  Dye  to  Probe  for 
Membrane  Reorganization 


Phosphatidylserine  (PS) 

-  pbDSpitQlipid  on  inn^r  roantt  (si^tasQlic] 

-  maint^infid  by  enzyme  flippaiie 


V  Fluorescent  Dyes  to  Visualize 
Increases  in  Membrane  Permeability 


Propidium  Iodide  (PI) 

■2  mm  diameter  fluorescent  molecule  nm} 

■ONA  Intercalating  agent:  30X  Increase 


Normal  cell 


Damaged  cell 


membrane  impenncablrlo  PI 


Membrane  permeable 


A  Video  Demonstration 


J 


tb^y  &  WflmitikBSRC 

Uiili  itiMCi:  -n  AtfM'  wiil  [Cq  Mubllt  i  «Ieiu 
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THz  Research  at  a  Cellular, 
Organelle,  and  Biomolecular  Level 


A  Subject  of  Constant  Debate — 

There  are  people  who  believe  in  nonthermal  effects  and  there  are 
people  who  don’t . 


1.  Water 

—  Optical  properties  (p,  &  n) 


2.  Cellular 

—  Viability 


3.  Organelle 

—  Lipid  membrane 


4.  Biomolecular 

—  DMA,  mRNA,  microRNA 

Distributions.  A.pprowdfot  public  r«lea&«. 


Non-thermal  effects 

Driven  oolledion  of  vibrafbnal  oscillators 
can  condense  with  all  energy  adlvaflng 
mode  of  lowest  frequency 
(Bose-Einsfein  Condensation) 

•FnhWchJQC&PhysLAim 

THz  radiation  can  couple  dlredly  to  the 
vibrational  modes  of  biomolecules  via 
coherent  excitations  (linear/nonlinear 
resonances),  thereby  causing  nonthermal 
or  microthermal  etfeds 
•Frohlich  Phys  L  1975 
•Korensteirv-llan  Pad Pes 2008 


Alexandrov  Bro  Phys.  2009  'Reimeis  PiVy4S. 


Thermal  effects 

Give  us  unambiguous  experimental 
proof  of  “Frohlich  Condensation'’ 

To  date,  no  experimental  evidence 

Can  low-power  EM  radiation  disrupt 
hydrogen  bonds  in  dsDNA? 

No—  Chitanvis.  J  Poly  Science.  2006 


THz  exposure  is  nd  able  to  induce  either 
genotoxicity  in  human  blood  cells 

No-Zeni.  Health  Physics.  2007 


DisttibutbnA.  Approv«dfor  public 
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z  Cellular  Stress  Response 

Minimum  stress  pmteome  44  proteins) 

Redox  —  6.  Enerq 


DNA  repair 


Distr  lb  utkj  n  A.  Approved  fo  r  p  ubiic  i 


I  However,  this  is  at  OK,  effects  not  observed  at  higher  temperatures 


Modeling  with  NAMD  (NAnoscale 
Molecular  Dynamics)  on  Supercomputers 


V  Our  Approach 

the  Tj 


—Let  The  Cell  Do 
the  Talking . 


^  6.  Energy 
\  metabolism 

^  Lipid 

s  4, Proteolysis 


The  Details  of  Our 
Empirical  Approach 


Gene  Expression  for  Known 
Pathways 


1.  Expose  NHDFs  to  2.52  THz — frequency  cited  for 
targeting  natural  breathing  mode  of  DNA 

-  H  =  227  mW/cm^ — roughly  7, 50 OX  higher  prior  studies 

2.  Examine  genetic  profile  of  cells 

-  Most  sensitive  technique  to  quantify  alterations  to  DNA 


Affymetrix  Gene  Chip 

-  HG-U133  Plus  2  .0 

-  54,576  genes 
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Comparing  THz  and 
H^£erthermi£B(£osed^^^^ 
qPCR 
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Take  Home  Message:  THz  &  hyperthermioexposed  cells  exhibit  comparable 
levels  of  protein  specific  damage  mechanisms,  which  suggests  THz  is  not  causing 
additional  protein  damage  .  ,  .  ^  . . 


Minimal  Stress  Response 

at  least  what  was  known  about  it.. 


UluyuilP®"'"®''  Response 
Minimum  stress  proteome  (~  44  proteins) 
Redox  6.  Energy 

g2  DNA  repair  \"*tK 


■  Pathways  and  minimal  stress  proteins  involved  in  CSR  well  known; 

however,  small  RNAs  were  upregulatedlllll  Distr  ibutio  n  A.  Approved  fo  r  pu  biic  re  iease . 
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Hidden  Layer  of  Internal  Signals 
Controlling  Gene  Expression 


MicroRNAs  are  upstream  from  common  cellular  stress  mRNA  markers 
and  actually  regulate  their  expression 


Identified  a  New  Family  of  Thermally 
^^Regulate^TnRNA^comed^he name|TRMs^ 

Thermal-upreguiated  microRNAs 
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TRMs:  qPCR  Validation 


Research  Summary 


Thermally-upregulated  Thermally-downregulated 

microRNAs  (TURMs)  microRNAs  (TDRMs) 


Wiimink  GJ  etal.  Cell  Stress  and  Chaperones.  2010 
Wilmink  GJ  etai  Proc.  ofSPlE.  2009 


Di^ribution  A  Approved  for  public  release 


a? 


Water  &  Cell 

♦  THz-TDS  device  measure  optical  properties  water  &  tissues 

♦  Future  work-  in  vivo  human  studies  (IRB  approval) 

«  Lethal  thresholds  several  cell  lines 

Organelle 

♦  Membrane  reorganization 
«  Increases  in  permeability 

Biomolecular 

♦  Microarray  data:  DNA  repair  and  inflammatory  genes  expressed 

♦  Identified  TRMs,  examine  miRNA  response  in  THz-exposed  cells 

DistributionA.  Approved  for  publii;  release.  3B 
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Development  of  a  Health-Belief-Model-Based  Instrument  to  Assess  Worker  Beliefs  about  using  PPE 
Utah  Air  National  Guard 
LTC  Jack  Wall 

Occupational  illness  is  an  identified  problem  in  the  United  States  Air  Force  (USAF).  Of  the  many  occupational 
illnesses  reported  annually,  most  are  preventable  through  the  use  of  personal  protective  equipment  (PPE).  The 
purpose  of  this  study  was  to  develop  an  instrument  to  assess  the  significance  of  the  determinants  that  predict  the 
use  of  PPE  in  small  industrial  USAF  shops.  The  focused  aim  of  the  study  was  to  develop  a  valid  and  reliable 
theory-driven  instrument,  specific  to  the  military,  assessing  these  determinants  resulting  in  effective 
interventions.  The  health  belief  model  was  used  as  the  theoretical  basis  for  the  instrument. 

The  procedures  employed  USAF  expert  and  employee  focus  groups  to  establish  instrument  validity.  A  two- 
judge  content  validity  index  was  calculated  using  judges  from  the  expert  focus  group.  Reliability  was 
established  by  test-retest  administration  of  the  instrument.  An  analysis  of  Cronbach’s  alpha  was  used  to  assess 
the  test-retest  reliability  of  the  health  belief  model  constructs. 

The  focus  groups  established  that  the  instrument  is  valid.  Reliability  of  the  instrument  varied  by  construct,  with 
the  majority  of  the  constructs  having  sufficient  reliability  to  make  the  instrument  useful  for  assessing 
determinants  of  behavior  contributing  to  the  use  of  PPE.  More  research  is  recommended  to  enhance  the 
reliability  of  the  instrument  and  to  demonstrate  equal  value  in  the  non-military  situation.  The  developed 
instrument  fills  a  need  for  theory-based  instruments  that  can  be  used  to  plan  theory-driven  interventions  that 
target  increasing  appropriate  PPE  use. 
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AFMS  Research 
Symposium 

Developing  an  Inslmmeni  io  Assess  Workcf^ 
Beliefs  About  Using  Personal  Protective 
Equipment  (PPE) 


LTC  Jack  M.  Wall,  151  MSG/CC 
25  August  2010 


I  Problem  StatenKni 


Occupational  Illness 


Esch  year  in  the  United  States  5  in  evefy  iOO  worfrera  witt  incur 
a/i  occupsttionsi  iiiness 

Each  day  137  workers  die  from  work  refated  disease 
Ecoimmic  Butden  =  $171  Biliioth  nearly  $1.0  Biition  trjore 
than  caix^er  (Niosn.  1933) 

■  Natimat  Occupationat  Exposure  Survey  identified  over  13 WO 
hazardous  "a^rtis  of  concern"  that  impaci  worker  health 

(CDC  1986} 

■  According  to  the  OWCP  over  2.3  Billion  dollars  were  spent  in 
2002  compensating  over  283,000  effected  workers 

(OWCP  Annuar  Report  to  Congress  -  2002) 


The  USAF  paid  over  $8.0M  in  hearing  compensation  claims  to 
civilian  employees  in  2001  (1,473  cases). 

(Army  Cantor  for  Hoatth  Promotion  &  Piovontfvo  Modicino  2006) 


Small  Shop  Focus 


■  Defined  as  those  with  1C  or  fewer  employees 

■  Comprises  over  9S%  of  private  industry 

m  Empioys  over  50%  of  U.S.  Private  industry  workforce 
(approx  53  miiiion  workers) 

■  Typicaiiy  lack  resources  to  properly  protect  workers 

■  Not  well  regulated 

(Okunolal  2001) 
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Body  Area  Protection  Focus 

(Esccludes  Rjepeated  Trauma  Disorders) 


■  Skin  Protection 

Contact  Dermatitis  -  Cancer 
36%  of  aii  occupation  ai  illness 

■  Respiratory  Protection 

Lungs  &  Airway 

Respiratory  conditions  such  as  asthma  and  Cancer 
1 6%  of  all  occupational  illness 

■  Hearing  Protection 

■  Tinnitus  (ringing  in  ears) 

Hearing  Loss  (OS HA  Special  Category) 

11%  of  all  occupational  illness 

(BLS  td&Tand  McCall  al.  2fl<15) 


PPE  Definition 


Personal  Protective  Equipment  (PPE)  includes  all  clothing 
and  other  work  accessories  designed  to  create  a  barrier  against 
workplace  hazards. 

-  safety  goggles, 

■  hard  hats, 

■  hearing  protectors, 

■  gloves, 

■  respirators, 

>  aprons, 

■  work  boots, 

{OSHft29CFR1S10) 


Preventable  Occupational  Diseases  and 
Required  PPE 

PreYfintflbte  Pis^s  Personal  Protective  Equipment 


■  Skin  Disorders 

Dermatitis 

■  Cancers 

■  Res  pi  ratory  i  i  nesses 

■  Interstitial  Fibrosis 

•  Asthma 
Bronchitis 

•  Cancer 

Hearing  and  Neuroiogicai  Disorders 

-  Hearing  Loss 

«  Encephalopathy 

■  infectious  Diseases 

•  Blood  borne  (HiV,  Hep  B) 

-  TB 

•  Hep  A 

(Lax.  Minetti,  Klein.  1998) 


Barriers  -  i.e.  gloves,  aprons 


Respiratory  Protection 
*  Respirators 
•*  Dust  Maste 


Hearing  Protection 
*  Ear  Plugs 
<  Ear  Muffs 
Universai  Precautions 
Mask 
■  Gloves 
-  Over  clothes 
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Importance  of  PPE 


IB  Permissible  Exposure  Limits  (PEL)  for  each 
chemical  set  by  NIOSH  (nioshi996) 

B  PPE  use  mandated  when  engineering  and 
administrative  controls  cannot  reduce 
exposure  to  below  PEL  (niosh  i996) 

B  That  PPE  can  protect  workers  from  hazards 
is  well  established  (Salazar6tal.1999) 


Link  -  Association  between  PPE  Use 
and  Disease  Prevention 

■  PPE  Non-use  important  contributor  to  occurrence  of 

occupational  diseases  (SalazaretaM999) 

■  Compliance  with  Universal  Precautions  (prevention  of 
infectious  exposure)  found  to  be  low  (31%  -  38%) 
among  Physicians  (Michaisen  et.ai.  1997) 

■  Due  to  low  perceived  risk  few  workers  use  hearing 
protection  consistently  enough  to  prevent  hearing 

loss  (Lusk,  Kerr  &  Kauffman  1998) 


We  never  thought  this  could 
happen! 
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Determinants  of  PPE  Use 


■  Individual 

L  Training 

■  Knowledge  of  I  lezard 

Perceived  Sueceptibilrty 

Perc?eived  and  experienced  health  effects 
Perceived  effectiveness  of  PPE 

■  Comfort 

Impact  on  work  performance 

At  al.  1999).  (Buratyn  S  TMohk*  1999).  (iatA2001) 


Determinants  of  PPE  Use 


■  Social/Culiurel 

■  Organizational  culture 

■  Co-worker  &  Supervisor  influence 
Workplace  Policies 

■  Employer  Enforcement 
Incentives 

(ShIrtivbI  al  1999),  (BurRlyn  &  T  broMcb  1999),  (I St- A  7001) 


Determinants  of  PPE  Use 


■  Environmental 

Job  Task  Requirements 

■  Task  Duration 

■  Worksite  ergonomEcs/construdion 
Weather  conditions 
Availability  of  PPE 

(Salarar  at  al.  1999),  (Burstyn  &  Teschke  1999),  (ISEA  2001) 


Health  Belief  Model  Constructs 


■  Perceived  Susceptibility 

■  BuHBf  regarding  chanca  of  gaEting  a  cordilion 

■  Perceived 

Bfilisf  erf  how  savem  a  condition  is  and  wtiat  its  rjonsequanr.a!i  ara 


■  Perceived  Benefits 

Baliaf  Jn  the  effectj\'eres5  of  the  suggested  action  to  reduce  risk  or 
impact 


■  Perceived  Barriers 

Tangible  and  psychological  costs  of  the  advised  action 

■  Cues  to  Action 

Strategies  to  activate  ones  readiness  to  take  action 


■  Self  Efficacy 

Ones  confidence  in  ones  ability  to  take  action  and  achieve  desired 
results 
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All  we  said  was  please  use  PPE! 


Health  Belief  Model  Uses  in 
Successful  Interventions  {Glanz2O02) 


-  Champion  (1 993)  -  Breast  Cancer  Screening 

■  Champion  (1997)  -  Mammography  Screening  Behaviors 

■  Steers  (1996)  -  AIDS  Protective  Behaviors 


Summary 


■  Occupational  Illness  prevention  is  an 
important  health  issue  -  especially  in  small 
shops  where  majority  work  but  resources  are 
scarce 

■  Use  of  PPE  can  be  a  critical  factor  in 
prevention  of  Occupational  Illnesses 

■  Interventions  targeting  behavior  change  using 
constructs  from  the  Health  Belief  Model  have 
been  successful 


Gaps  Based  on  Review  of  Literature 


■  Majority  of  \worksite  studies  do  not  have  theoretical 
models  guiding  their  interventions  (Ronisetai  2006) 

■  Health  Belief  Model  not  directly  used  in  worksite 
studies  but  is  used  successfully  in  many  interventions 

(Glanz2002) 

■  HBM-  Cues  to  Action:  little  is  known  about  relative 
impact,  more  study  needed  cGianz2oo2) 

■  Very  limited  studies  of  PPE  use  in  small  shops  or 
organizati  ons  (lazovich  et  ai.  2002) 

■  No  HBM  specific  instrument  developed  to  apply  to 
workplace  studies  (Ronisetai.2006) 
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Research  Undertaken  Based  on  Gaps 


■  Develop  an  inslrumentthat  assesses  HBM 
constructs  for  use  in  industrial  workplace 
settings 

Focus  on  industrial  shop  specific  determinants 
Use  focus  groups  to  establish  validity 
Use  test-retest  group  to  establish  reliability 
■  Implications 


Research  Questions 


■  Is  the  developed  instrument  applicable  and  relevant  to  the 
occupafional  setting? 

■  What  is  the  validity  and  reliability  of  the  developed  instrument? 

Does  the  developed  instrument  have  sufficient  validity  and 
reliability  to  assess  the  significance  of  the  determinants  virhich 
predict  use  of  PPE? 


Study  Limitations 


Study  did  not  take  place  in  a  controlled  envinorment  under 
experimental  research  conditions. 

■  The  sample  of  participants  is  small. 

■  Several  self  reported  behaviors  are  used  in  the  study  including 
incidence  of  PPE  use,  factors  influencing  use  of  PPE  and 
perception  of  cues  to  action. 


Study  Delimitations 


■  Study  population  was  selected  using  convenience, 
availability,  and  experience  resulting  in  a  small  n. 

■  Study  population  was  derived  from  shops  where  PPE 
is  expected  to  be  frequently  employed  and  where 
workers  are  required  by  OS  HA  directives  to  employ 
PPE. 

Only  experienced  workers  and  supervisors  were 
used  In  the  study. 
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I  Methodology 


Overview 


■  Develop  and  Test  HBM  Based  Instrument 

■  Base  on  Champions  Health  Belief  Model 
Scale 

■  Modify  for  the  Occupational  Setting 

■  Add  Self  Efficacy  Questions  based  on 
Stanford  Patient  Education  Research  Center 
Chronic  Disease  Self  Efficacy  Scale 

■  Test  for  Validity  and  Reliability 


Quasi-Experiraental  Design 


■  Three  Groups  to  establish  validity  &  reliability 

■  Validity 

Expert  Focus  Group  (6) 

•  Key  personnel  with  expertise  on  PPE  use 
requirements 

■  Establish  face  and  content  validity 
Employee  Focus  Group  (6) 

Range  of  employees  including  supervisory  and  worker 
levels 

Reviewed  readability  and  relevance 
Test-Retest  Group 

Employees  from  industrial  shops  requiring  PPE 
Test/Re-test  method  to  establish  reliability 


Recruitment 


Voluntary 

■  Expert  Foclfs  Group  selected  by  researcher 

Base  upon  position  and  role  in  PPE  monitoring 
EMfHjrienced  fienonnel 

■  Employee  Focus  Group  selected  by  Expert  Fooue  Group 

■  Test-Rstest  Group 

Utilize  bolh  theus  group  recnmmenclationE 

Derived  from  shops  where  PPE  is  required 

■  Notify  commanders  and  key  supervisors 

Presented  in  commanders  staff  meeting 
notify  via  email 

Personal  contact  with  each  commander 
Provide  researcher  contact  info 
IRB  and  Permission  from  Installation  Commander 
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Focus  Group  Population 


■  Expert  Focus  Group  (n=6) 

Environmental  Manager,  Former  Environmental  Manager, 
Bioenvironmental  Ennineering  Technician  (IH),  Public 
Health  Technician,  Maintenance  Squadron  Commander 
pH  ard  HMEth  Eri.  EarJtgirMjnri),  Ground  Safety  Technician, 

2  Judge  Content  Validity  subgroup 

2  most  experienced  personnel  from  focus  group 

■  Involved  in  calculating  Content  Validity  Index  (Di  brio  - 
?005) 

Employee  Focus  Group  (n=6) 

«  Vehicle  Maintenance  Supervisor,  Sheet  Metal  Shop. 
Aircraft  Mainl.  QA,  Aircraft  Crew  Chiefs  (2),  Vehicle 
Maintenance  Line  Worker 


Test-Retest  Group  Population 


■  Test-Ratest  Group  {n-23) 

Conveniance  Snmple  of  workers  from  shops  whEjre  PPE  is 
required 

Invited  and  encouraged  to  parlidpate  from  selected  shops 
Selected  shops  notified  by  Expert  Focus  Group  members 
Cross  section  of  industrial  shops  where  hazards  include 

■  Noise 

■  Parts  doaning  chemicals  &  solvents 

■  Inhalation  hazards  from  paints  and  sand  blast  matehals 
Military  only  participants 

Demographics 

•  Age  range  (18-55)  Majority  over  age  35 

■  Experience  Level  (1  -20+  years)  Majority  over  1 0  years 

■  Gender- All  Males 

■  All  en'tployees  had  PPE  training 


Procedures 

(Potus  Group) 


■  Researcher  Developed  Draft  Instrument 

■  Used  Champion  HBM  Scale 

Used  Stanford  Chronic  Disease  Self  Efficacy  Scale 
Used  construction  suggestions  fmm  Lusk,  Di  lorio,  et  al 

■  Present  to  Focus  Groups 

Review  instructions,  purpose  of  the  study  &  procedures  for 

group 

Reviewed  and  refined  the  instrument  as  a  group  and  made 
changes  until  consensus  was  attained 

■  Present  to  Content  Validity  Sub-group 

Conduct  2  Judge  Content  Validity  Index  Procedure  (oi  iofk>- 
2005) 


Procedures 

Group) 

■  Present  to  Test,  Re-test  Group 

■  Cl  ass  no  om  setting 

■  Consent  and  deiriographic  info  collected 

■  T rained  proctor  reviewed  instructions  & 
administered  survey 

■  Presented  in  paper  format 

■  Collected  in  locked  box 
Re-administered  in  exact  same  way  2  weeks 
later  for  re-test 
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Instrument 


■  Cover  Design  considerations 

■  Intro  Letter  and  detailed  instructions 

■  Refresher  instructions  on  each  page 

■  5  point  Likert  scale  format 


Instrument 


■  Constructs 

■  Questions  1-6  ;  Perceived  Susceptibility 

■  Q  u  esti  on  s  7- 1 3 ;  Pe  rcei  ved  Se  ri  ous  n  ess 

■  Questions  14-17:  Perceived  Benefits 
Questions  18-25:  Perceived  Barriers 
Questions  26-33  :  Cues  to  Action 

■  Questions  34-39:  Self  Efficacy 


Analysis 


■  Test  for  Validity 
Focus  Group 

■  Face  Validity  (Qualitative) 

Content  Validity  (Qualitative  and  Quantitative) 

2  Judge  Comparison  Content  Validity  Index 
Developed  CVI  form 

>  Two  most  experienced  Expert  Focus  Group  members 

•  Compared  ratio  of  scales  rated  “quite  relevant"  and 
“very  relevant"  to  total  number  of  scales  evaluated 

•  Use  method  from  Di  lorio  (200b)  to  calculate 


Analysis 


■  Test  for  Correlation 

■  Pained  T-test  for  comparison  of  sample  means 

■  Cronbach's  Alpha  for  reliability 

Test/Ke-test  method  at  2  week  Interval 
Analyze  total  and  by  construct 
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I  Results 


Face  and  Content  Validity 


■  Expert  Focus  Group 

Qual  itative  Assessment  of  applicability  and  relevance 
to  the  setting 

Kevised  questions  based  on  experience  and 
knowledge  ot  setting 

■  Positive  comments  on  validity  based  on  knowledge 
and  direct  experience 

“This  can  give  us  valuable  information  for  future  uses,  I 
cant  wait  to  see  how  it  turns  out". 


Face  and  Content  Validity 

■  Fleisch-Kinkaid  readability  =  12.2 

■  Content  Validity  Index 

■  Two  judges  from  expert  focus  group 

■  Completed  CVI  form 

■  Ratio  of  quite  relevant  and  very  relevant  versus 
total 

CVI  recommended  =  0.9  or  higher  p  lorio,  2005) 

■  Study  CVI  calculated  at  1.0 


Face  and  Content  Validity 


■  Employee  Focus  Group 

Qualitative  Assessment  of  applicability  and 
relevance  to  the  setting 

■  Took  instrument  and  gave  feedback 
Recommended  only  minor  changes  in  wording 

■  Favorable  review  of  readability 
Comment;  “Wow,  I  whish  all  occupational 
sun/eys  were  written  this  way.” 

■  Comment:  “This  gets  to  the  heart  of  why  we 
do  or  don’t  wear  PPE.” 
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Correlation  for  Groups 
(Test,  Re-test) 


Significant  correlation  between  groups 

■  Perceived  Susceptibility  r=.73,  p<.05 


I  Perceived  Seriousness 

I  Perceived  Benefits 
I  Perceived  Barriers 
Cues  to  Action 
1  Self  Efficacy 


r=.56,  p<.05 
r=.44,  p<.05 
r=.67,  p<.05 
r=.80,  p<.05 
r=.71,  p<.05 


Paired  t-test  results 


No  significant  difference  between  groups 
Perceived  Susceptibility  t(22)=.87,  p=.39 


■  Perceived  Seriousness 

■  Perceived  Benefits 

■  Perceived  Barriers 

■  Cues  to  Action 

■  Self  Efficacy 


t(22)=1.05,  p=.31 
t(22)=1.03,  p=.31 
t(22)=-.65.  p=.52 
t(22)=.55,  p=.59 
t(22)=.11,p=.92 


Reliability  -  Cronbach’s  Alpha 


■  Overall  Reliability 

■  Test  =  .314 

■  Re  test  =  .612 

■  Combined  =  .706 

■  When  several  Constructs  measured 
simultaneously  -  Low  alpha  expected  (ciiem, 

2003) 


Construct  Reliabilities 


■  Perceived  Susceptibility 

■  Test  =  .655 

■  Re  test  =  .596 

■  Perceived  Seriousness 

■  Test  =  .093 

■  Re  test  =  .460 
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Construct  Reliabilities 


■  Perceived  Benefits 

■  Test  =  .490 

■  Re  test  =  .582 

■  Perceived  Barriers 

■  Test  =  .684 

■  Re  test  =  .626 


Construct  Reliabilities 


■  Cues  to  Action 

■  Test  =  .581 

■  Re  test  =  .269 

■  Self  Efficacy 

■  Test  =  .523 

■  Re  test  =  .740 


Reliability  After  Deletions 


■  Test  =326 

■  Retest  =  672 

■  Combined  =  .727 

■  Perceived  Susceptibility:  Test  ^  770;  Retest  -  772 
Perceived  Seriousness:  Test  =  .405;  Retest  =  .637 
Perceived  Benefits:  Test  =  .646;  Retest  =  .665 

■  Perceived  Barriers:  Test  =  .781 ;  Retest  =  .751 

■  Cues  to  Action:  Test  =  .634:  Retest  =  .354 

■  Self  Efficacy:  Test  =  .61 5;  Retest  =  .750 


I  Discussion 
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Major  Findings 


■  Validity 

■  Assesses  deteiminents  of  PPE  use 

■  Effectively  uses  HBM  constructs 

■  Very  good  face  validity 

■  High  Content  Validity 

■  Bottom  Line  =  Valid  instrument  for  the  military 
small  industrial  shop  setting 


Major  Findings 


■  Reliability 

■  Variable 

■  Construct  Dependent 

■  Majority  of  constructs  had  good  reliability 
Valuable  information  gained  for  further  study 

Constructs  requiring  further  refinement 
■  Possible  methods  to  effectively  target  future 
efforts 


Research  Question  1 

Is  tlie  developed  inslnitnejit  appLcable  and  relevant  to  tlie 
occupational  sett  ing? 

■  Focus  Group  Qualitative  and  Quantitative 
Assessment 

■  Relevant  and  Applicable 

Crucial  to  acceptance  of  instrument  in  the  setting 
■  Less  than  20  minutes  to  complete 
Targets  the  important  factors  in  the  setting 

■  Targets  HBM  Constructs  and  determinants 

■  Focus  Group  Work  vital  to  outcome 


Research  Question  2 

What  is  the  reliability  and  validity  of  the  developed  instrument? 

■  Validity  is  well  established  (CVI  =  1 .0) 

■  Reliability  lower  than  hoped 

Not  unexpected  for  instrument  measuring  multiple 
constructs  (Gioim,  2[)[J3). 

Lower  Cronbach's  Alpha  in  Perceived  Seriousness  and 
Cues  to  Action  constructs 

Important  information  for  future  studies 
Results  not  discouraging 

■  Alpha  scores  depend  in  part  on  context  of  the  study 

•  In  context,  alpha  scores  could  be  adequate 

*  Sufficient  reliability  for  the  setting  and  context 
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Research  Question  3 

Docs  ttie  mstnmicnt  efficient  validity  &.  reliabilify  to  assess  the 

significance  of  the  deferminimts  that  in  fluence  PPli  use? 

■  Sufficiently  addresses  determinants  for  PPE  use 
Unique  instrument  with  sufficient  vaiidity 
•  Addresses  Dele  rm  in  an  Is 
Addresses  HBM  Constructs 
Utility  in  assessing  interventions  using  HBM 
constructs 

■  Important  since  majority  of  studies  do  not  use 
theoretical  models  to  guide  interventions  (Roris,  2006) 
Includes  self  efficacy  -  Not  in  original  Champion  HBM 
Scale  (Champion,  1993) 

Includes  cues  to  action  which  are  not  well  studied 
(Jan?.  2002) 

■  More  research  needed  in  this  area  but  this  study  can 
serve  as  a  foundation 


Recommendations 


1  Further  assess  validity 

fH  Add  judges  to  CVI  process 

Recommend  adding  outside  judge  for 
perspective 

2  Consider  other  tests  for  reliability 
a  Split  half  can  have  utility 

L  Obtain  larger  sample  size  at  outset 


Recommendations 


3  Consider  timing  of  re-test 

a  Extend  time  to  retest  out  to  30  days 
b  Lessen  chance  of  subject  response  recollection 
Minimize  influence  of  outside  discussions 

4  Employ  methods  to  improve  reliability 
a  Add  subjects  to  increase  N 

r  Add  more  scales  to  constructs  with  low  alpha 


Recommendations 


5  Conduct  survey  at  a  larger  military  facility 
a  Reduce  bias  from  dose  interpersonal  working 
relationships 

Reduce  discussion  of  instrument  between  test  and 
re-test 

6.  Limit  instrument  to  fewer/single  construct 
:i  Test  each  construct  of  HBM  individually 
ij  Could  result  in  subject  fatigue 

In  the  proper  setting  could  have  some  utility 
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Implications  for  Further  Research 


■  Repeat  study  at  larger  military  facility 

Larger  Subject  Pool 

Less  impact  from  organizational  culture 

■  Expand  Study  to  Non-military  Setting 

Validity  and  reliability  in  a  variety  of  settings 
Could  Improve  utility  or  versatility 

■  Adapt  items  to  study  Setting 

Continue  to  refine  instrument 
T allor  to  specific  setting 


Implications  for  Further  Research 


■  Employ  Instalment 

■  Use  refinement  procedures  for  the  setting 
Ultimate  goal  is  to  develop  an  instrument  that 
allows  Health  Educators  to  identify 
determinants  that  can  be  used  to  develop  an 
Intervention  to  promote  PPE  use 

■  Focus  on  cues  to  action  component 


Conclusion 


■  Interventions  employing  theory  driven  models 
are  scarce  in  occupational  setting 

■  No  instrument  developed  to  guide  HBM 
based  interventions  in  occupational  setting 

■  Study  instrument  begins  to  fill  this  need 

■  More  work  is  needed  to  refine  instrument  for 
reliability  but  key  information  was  gained 
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Conclusion 


■  Dedicating  efforts  to  long  term  worker 

behavior  change  is  crucial 

■  Unique  opportunity  for  Health  Education 

■  Prevention  based  perspective  invokes  a  new 

niche  for  Health  Educators 

Partner  with  related  disciplines  such  as  IH, 

PH,  and  Occupational  Health  Nursing 

Use  Health  Education  models  to  drive 

interventions 


Conclusion 


Instrument  provides  a  tool  to  investigate  this  area  and 
can  open  a  body  of  research 

■  Further  research  must  concentrate  on  the  "shop  floor" 
level  of  prevention  to  protect  workers  from  adverse 
health  effects 

■  Clearly  Health  Education  can  provide  a  vital  link  in  a 
multi  discipline  approach  to  improving  worker  health 


Questions  and  Answers 


Your  Feedback  Please 
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Nucleic  Acid  and  Protein  Detection  Technology:  Limitations,  Milestones,  and  the  Continuous  Search  for 
the  Holy  Grail 

United  States  Air  Force  School  of  Aerospace  Medicine  (USAFSAM)/PHT,  Brooks  City  Base,  TX 
Clarise  R.  Starr,  PhD 

Successful  detection  of  pathogens  and  toxins  in  a  deployed  situation  is  only  as  good  as  the  technology  that  is 
implemented.  The  field  of  nucleic  acid  and  protein  detection  is  evolving,  with  transformation  to  smaller 
instrumentation  with  greater  computing  power  that  can  provide  more  information  faster  in  a  single  assay. 
However,  by  the  time  one  instrument  has  been  evaluated  for  potential  use,  it  is  quite  common  for  another 
generation  of  technology  to  be  released.  The  current  topic  will  focus  on  trends  in  this  field,  and  discuss 
currently  fielded  instrumentation  for  nucleic  acid  and  protein  detection  utilized  by  the  USAF  and  the  DoD.  Our 
evaluations  of  Film  Array  and  Meso  Scale  PR2,  two  new  instruments  that  are  thought  to  be  the  next  generation 
of  nucleic  acid  and  protein  detection,  respectively,  will  be  presented.  In  addition,  the  journey  to  generating  a 
single  platform  for  both  pathogen  and  toxin  detection  will  be  discussed  with  emphasis  on  current  and  future 
technologies  that  may  eliminate  the  foreknowledge  needed  to  design  target  specific  assays. 
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UA  AIRPORc 


Nucleic  Acid  and  Protein  Detection 
Technology;  Limitations,  Milestones,  and 
the  Continuous  Search  for  the  Holy  Grail 


Every  Airman  a  Force  Midtiplier 
August  201 OAFMS  Research  Symposium 


Clarise  Rivera  Starr,  Ph.D. 
Molecular  Biologist 
USAFSAM/PHT 
Brooks  City-Base,  TX 


Polymerase  chain  reaction  (PCR)  is  a  rapid 
way  to  detect  and  amplify  DNA  sequences 

Evary  Airman  a  ForCe  M idtipliar 


V  Very  sensitive  (~1  copy) 

V  Fast  (1-2  hours) 

V  Specific  (probe  dependent) 
V  Potential  for  high-throughput 


DiSlitIuKtl  A:  Ap$VOv«d  lOr  piDliC  release:  diaViluliai  is  ulliTilled .  31 1  AB<SI  PA  NO .  1 0^05 . 5  AUG  10 


DisViisjiori  Giaie/heoi  A  /yt^oiovediOrpuaioiaieaseidisVibaforiisunii^ied.  3ii  abgipano.  lO^a.SAUG  lo 


The  Limitations  of  PCR 

K* 

Every  Airman  a  FarHelHoUiplier 

V  Requires  specialized  reagents/equipment 

V  Target  detection  only  as  good  as  the  purified  sample 

V  High-throughput  depends  on  technology 

V  Amplicon  contamination  potential 

V  Must  have  fore-knowledge  of  target  testing 

V  Multiplexing  limitations 

V  Mutation  and  effect  of  gene/assay  targets 


JBAIDS/Dry  Down  Assays 

Every  Airman  a  Farce  Multiplier 


32 -well  Carousel 


NCx2 


PCx2 

6  Samples  X  2 
1C  (6)x2 
ECx2 


Di3l(t>u1iiS1  SlalatiailA:  Ap$^\«d  T<k-$l^licr£l£ass; 


dsHlulOO  is  Ullioiilad.  31 1  ABGIPA 


NO.  lOGQS.SAUG  10 


3 


Di3Vibjl0051a1«rYiai1  A:  /Vl^^ed  forpuidiorolaasiidisvibulon  is  I/Ilioilad.  311  ABG^PA  No.  10-305.  5  AUG  10 
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V 

-•i* 


JBAIDS  Duplexing  Using 
Pulsar  650 


JBAIDS  OPTIMIZATION  STUDY  USAFSAMTPHT  2009 


Channel  1 :  BA  pos  control 
BA+  1C 


Channel  3;  1C  pos  control 
BA+  1C 

ImlbPd  ^11  fBGPAtiO  10^  &AUG  10 


Idaho  Technology  Film  Array 
(Multiplexing) 

Ev^ryAirmana 

Easy  to  use 

No  pre-processing  needed^ 

20  targets  1  sample 
Internal  controls  included 
1  sample  takes  over  1  hour  to  complete 


lTiadcsfiQ<Ti  Idaho  T«<:hhoi^y  Produoi  Ln«aiuie 

DisMhj1<^S1a1arY<ai1A.  /yif^vadf<yjOui]liO(«laasa.distibj1ohis>yilih<1ad.  311  ABGIPA  No.  lo^oa,  5  AU<S  10 


Film  Array  Data:  Clinical 


Film  Array  Data;  Environmental 


Every  Airman  a  Fcree  M tdtipUer 


Every  Airman  a  Force  M tdtipUer 


Environmental  (41  Samples) 

RESULTS 

ORGANISMS 

ASSAY 

Positive  (44.2%) 

Adenovirus 

adeno 

Human  Rhino  virus 

HRV1,  HRV2.  HRV3 

Coronavirus 

HKU1 

Human  Rhino  virus 

HRV1.  HRV2,  HRV3 

Negative  (55.8%) 

Parainfluenza  Virus 

PIV3 

DisVibOfOh  S1al«ti£h1  A  Ajl^rovod  tir  flubio  rdeaso ,  dsvibulioh  is  udihilod.  3 1 1  ABS^PA  No.  10-305 . 5  AUG  1 0  3 
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Luminex  Assay 
(Multiplexing) 

^UEv^yy  Aiiman  a  Force  MuhipU^  1^* 


Pyrosequencing 

Ev^ryAbmmtaFoyC&MtiUipliey 


Resulting  sequence  used  to  identify 
organism  in  unknown  sample. 


ACTt  TGAA 


Light  is  generated  for  each  base 


Incorporated.  Pyrasequcnong  imagesfram  tiatage product UMratureandAhnadianet 

al.{2QQlS)ClinicaChl>nicaActaaSa:  1-2.83-94 


DijiibulanStatenioilA;  A«ixivwl  ferpililfc  lalsaac:  daVibuloi  iatrltaited.  31 1  ASGIPA  No.  10  MS.  S  AU«  10 


w 

*1* 


Summary 

■  Ev^Aiyiwm  a  F»ree  MuStiplier  I 


V  Nucleic  acid  detection  technology  has  evolved  but 
has  brought  with  it  new  challenges. 

V  Great  care  needs  to  be  taken  to  fully  understand  the 
limits  of  any  new  technology^  and  always  keep  in 
mind  how  a  new  technology  can  translate  into  a 
useful  tool  to  meet  mission  requirements. 

V  Bigger  doesn’t  necessarily  mean  better.  More 
expensive  doesn’t  necessarily  mean  better 
(Location,  Location,  Location!). 

V  Always  keep  in  mind  the  sample  that  you  are  testing 
and  what  unique  challenges  come  with  it. 


Distibution  Statement  A  Approved  for  public  release;  distribution  is  unlimited.  311  ABG/PANo.  10-305,  5  AUG  10 
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Limitations  to  Protein  Detection 

Eveyy  Airman  a  ForCe  M ukiplier 


V  Only  as  good  as  the  antibody!  (Pure  protein  versus 
organisms) 

V  Only  as  good  as  the  antibody!  (Monoclonal  vs. 
Polyclonal) 

V  Only  as  good  as  the  antibody!  (Commercially  available 
versus  starting  from  scratch -$$$) 

V  Sensitivity/specificity  decreases  in  complex  matrices. 

V  Viral  targets  difficult  to  detect  (within  clinically 
relevant  sensitivities). 

V  What  is  a  positive?  Establishing  what  is  background 
“noise’'  can  be  challenging  and  depends  on  matrix  and 
system  used  to  detect  the  protein. 


UaGraw^Hill  YaaitxxiK  at  Scieooe  S  Teoindogy.  2003 
I  A(¥in>v«d  fd-j)<illiC  rd«a3«i  dSirfiufdl  iS  31 1  ABG1PA  NO.  1(X3Q5.5  AU<3  10 


Disirtiuldl  SlalOr^l  A:  Ap^  vod  Td-  pdllio  roloasfi:  disVtIuldI  is  u1liY<il0d .  31 1  ABG1  PA  No .  1  (K1Q5 .  S  AUG  10 


BioVeris  M1M 

■  Every  Airman  a  FarUe  Multiplier 


Meso  Scale  1800/1900  PR2 


I  Every  Airman  a  Farce  Multiplier 
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Meso  Scale  Data 

Every  Airman  a  Faree  M vitipUer 


The  Holy  Grail 

■  Every  Airman  a  ForCe  M idtiplier  ■ 


IBOO 

1900 

MIM 

SEB 

5pg/ml 

5pg/ml 

1000 

Cbot 

50pg/ml 

50pg/ml 

100 

BG  spores-live 

30  spores 

30  spores 

no  assay 

BG  spores-inactive 

12,000  spores 

TBD 

no  assay 

BG  veg 

90,000  org 

TBD 

no  assay 

oval 

Spg/ml 

5pg/ml 

no  assay 

M52 

10000  org 

10,000  org 

no  assay 

EHEC 

90  org 

TBD 

90,000  org 

Shigella 

9,000  org 

TBD 

900,000  org 

Flu  A  (MINI) 

1581CEIDy,/rnl 

1581  CEIDio/ml 

no  assay 

Flu  B 

0.28  CEID^yml 

0.28CEID,</ml 

no  assay 

Advl4 

225TCIDio/ml 

225TaDWml 

no  assay 

Di3Vib(i1k>^  S1a1«ty£b1  A:  A^n>v«d  Ibr  pubid  ;  dsliibdlibil  is  ubibilsd .  3 1 1  ABGJPA  Hd.  10-305 . 5  AUG  1 0 
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Challenges  for  the  Holy  Grail 

Every  Airman  a  FarHelUtdiiplier 


Immuno-PCR  (l-PCR)  and  BEADS 


I  Every  Airman  a  Farce  Multiplier 


vSample  processing  (DNA  vs.  Protein) 

V  Sensitivity  (Ab  vs.  nucleic  acid) 
vSpecificity  (Ab  vs.  nucleic  acid) 
vTesting  in  complex  matrices 

V  False  positives,  scary.  False  negatives,  even 
scarier! 

V  Hands-on  versus  complete  automation 
vTime,  time,  time 


O  tlwptavNNn 

BloUnytMad  anilliady 

J  AnllBan  lapoctman) 

1  WefWIWf  p4aM  w(«  1  ,  ,  , 

' - '  (A) 

Biodetection  Enabling  An  aiyte  Delivery 
System  (BEADS)  Technology 


1  23456  7  89  10 11  12  M 


HuSOg and Chai^. 2000. ctio  5Q(9>:  1673-1670 


Ozaiidl.  PH  NL  2009 


DiSlribUliOO  SlalatiSill  A:  Afl^rOwdd  HrptilliO  rdoaso;  dstiibolidl  isuoioilad.  31 1  ABG1PA  No.  10305,5  AUG  10 


IS 
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Abscription/HISSS 


r 


*  Ev<cryAirrftutf  it  Force  Muldpiier  ■ 


Hax'iftteld  l^harmal  SiVer  Standard 
(HISSS) 


'T. 


W 


Figure  3 


hUnriA  an4  McCarthy.  200&  US.  Pat «  LKCOIOOOISBSAI 

3lt*ftOP*No  t<M06.SauC16 


B  i  osensors/M  i  c  rocan  ti  levers 

Ew/j>Airwaitnr  Ferrer  Miitdpiier 


Way  Forward 

I  Erer/Ainraiit  -if  Ford  Sluiliptiir 


vNew  technology  vs.  old  technology 
V Overcome  sensitivity/specificity  issues 
vFast  AND  correct 

V  Research  developed  and  kept  rn  DoD 
V utility  in  nonprofit  Government-sponsored 
labs 


Oa*«aMfi8«0a*wat*.  Aww^ad^ereubiei 


.aalretaonagnMIM  311  ASC^ANo  I0446.sauci0 
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Conclusions 
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Upper  Respiratory  Virus  Serotype  Panel  for  the  Pyrosequencer 

Applied  Technology  Center 

James  Baldwin,  DR02/Molecular  Biologist 

Pyrosequencing  is  an  excellent  way  to  detect  clinical  infections.  Unlike  PCR-only  assays,  the  pyrosequencer 
can  discriminate  sequences  based  on  DNA  sequence.  Sequence  evaluation  allows  precise  detection  while  often 
providing  the  serotype  of  the  detected  organisms.  Under  investigation  is  the  use  of  deeply  multiplexed  PCR 
tests  followed  by  a  rapid  pyrosequencing  step  to  identify  detected  organisms.  The  test  uses  low-specificity 
primers  to  amplify  related  sections  of  important  upper  respiratory  virus  genomes.  The  exact  identity  of  any 
given  product  is  then  determined  by  DNA  sequencing  short  sections  of  the  PCR  product  (up  to  50  bp).  The 
sequences  are  used  as  tags  to  accurately  identify  organisms  from  a  database  of  possible  results  extracted  from 
Genbank.  Assays  were  designed  for  the  pyrosequencer  to  detect  and  serotype  influenza  (A,  B,  C),  several 
human  coronaviruses  (HKUl,  NL63,  229E,  OC43,  SARS),  adenovirus  (most  serotypes  including  3,  4,  7,  11,  14, 
21),  parainfluenza  (1,  2,  3,  4),  metapneumo  virus,  Picomaviridae  (most  rhino  virus,  enterovirus,  Coxsackie  virus, 
echovirus,  and  poliovirus),  and  respiratory  syncytial  virus  (A,  B).  The  assays  were  designed  to  work  in  a  single 
multiplexed  tube  and  as  individual  tests.  Results  indicate  that  adenovirus,  coronavirus,  and  Picomaviridae 
assays  offer  a  robust  detection  and  identification  method.  In  some  assays  (Picomaviridae,  for  example)  we  can 
theoretically  detect/serotype  over  100  vimses  in  a  single  test  by  sequencing  less  than  25  bp.  This  work  is 
designed  to  support  the  public  health  mission  of  the  DOD  through  enhanced  diagnostic  testing  of  clinical 
samples,  including  those  from  the  recmit  and  enlisted  populations. 
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Every  Airman  a  Force  Mtdtiplier 

Upper  Respiratory 
Virus  Serotype  Panel 
for  the 

Pyrosequencer 

AFMS  Research  Symposium 
August  25,  2Q1Q 

James  C.  Baidwin,  Ph.D. 
USAF  Civilian  Molecular  Biologist 
Applied  Technology  Center 
U.S.  AIR  FORei^  2484  Giliingham  Drive,  B-175W 

Brooks  City-Base,  TX  78235 


Diittibiiti*n  Sut«nMnt  Ai  Approv«<l  for  publio  rdoisei  distribution  is unlumtoA  311  ABG^PANo.  10-304,5  AUG  10 


Disclaimer 


Every  Airman  a  Feree  MuMplier 


The  use  of  trade  name(s)  in  this  presentation  does 
not  constitute  an  endorsement  or  approval  of  the 
use  of  such  commercial  hardware  or  software  but 
rather  serves  to  examine  the  scientific  merit  and 
potential  uses  of  the  technology.  This  presentation 
may  not  be  cited  for  purposes  of  advertisement 


Distribution  Sutoment  A;  Approved  for  publio  rtleise;  distribution  isunlimited.  311  ABG^ANo.  10-304,5  AUG  10  2 


Upper  Respiratory  Viruses  Cause  1^ 
Substantiai  Morbidity  and  Mortality 

Every  Airman  a  Farce  Multiplier 

V  Over  52  strains  of  human  adenovirus. 

V  Over  10  major  strains  of  influenza. 

V  5  strains  of  noteworthy  Coronavirus. 

V  Over  15  major  classes  of  human  pathogens  in 
Picornaviridae. 

V  Most  of  these  are  not  cUnicaiiy  relevant. 

V  Infrequently  seen 

V  Cause  illness  of //m/fed  seventy 

V  However,  several  sframs  are  of  the  highest  concern. 

V  These  viral  serotypes  can  Impact  the  health  and 
reed/ness  of  military  personnel 

Distrib'Ution  Sutement  A I  Approved  for  public  reloue  I  distribution  is  unliimted.  311 ABG/PA  No.  10-304,5  AUG  10 


Polymerase  chain  reaction  is  a  rapid 
way  to  detect  and  amplify  DNA 
sequences. 

Every  Airman  a  Fcrcc  Multiplier 


V  Amplification  can  be  highly  specific 

V  Can  detect  as  little  as  a  single  base  difference 

Distribution  SUteinent  A;  Approved  for  public  relent  distribution  is unlimued.  3U  ABG^ANo.  10-304,5  AUG  10 
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What  Is  Desirable  in  a  PCR 
Assay? 

Every  Airman  a  Farce  Multiplier 


V  Required  specificity  (or  rtOrt-spec/7?c/f)d 


stereotyping  Detection 
Assays 

Every  Airman  a  Force  Multiplier 


V  Bioinformatics  analysis  was  used  to  determine  the 
best  grenome  sites  k>r  placing  PCR  test. 


V  Low  complexity  of  sample  handling 

V  Few  unexpected  catches 
-  High  throughput 

V  Low  cost 

V  Future  proof 

AdaraJOtflcIvlh 

I>i5tributi«n  Sut«m£nt  A'  Appri>v«d  t*<>r  public  relt^;  distnbutii^n  is unlmiited.  311  ABO^AN<t.  AUGIO  ^ 


V  The  analysis  identified  regions  of  s/m/7ar/fy  and 
divergence 

V  Primers  (some  degenerate)  with  the  best 
thermodynamic  properties  in  these  regions 
were  selected 

V  The  divergent  regions  were  segft/enced 

V  The  DNA  sequence  is  usable  as  a  barcode 


Distnbution  SUtttuMnt  A'  Approv«d  for  public  r<l«ise;  distribution  uunlinuttiL  311  ABG^ANo.  AUG14 


Designing  the  Assays 


PyroMark  Q96  Platform 


Every  Airman  a  FcrCe  Multipi 


Distribution  Sut*n*«nt  A’  Approved  for  public  rdoaso;  distribution  isunlimitcd.  311  AEtliPANo.  10-3<W,5  AUGIO 


Every  Airman  a  Force  Multiplier 

Genome  Res.  2001  11:  3-11 
Review^ 

Pyroseqiiencing  Sheds  Light  on  DNA  Sequencing 

Mostafa  Ronaghi 

Cenomr  Ttdmahgy  Cmur,  Vontord  UnAtnKy.  Mo  Mto.  CaUfoma  94i04,  UiA 


$ompl«  &  Assay  Tothnologaus 


Fully  Inlagntad  syolani 
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Pyrosequencing 


PCR-Based  Virus  Detection 
and  Pyrosequencing 


T 

T 


LucHataM 


^  Resulting  sequence  used  to  identify 

organism  in  unknown  sample. 


Every  Airman  a  Feree  Muliiplier 

V  This  proof  of  concept  evaluation  focused  on  deeply 
multiplexed  PCR  tests 

V  Each  test  must  detect  and  serotype  the  clinicaUy 
relevant  strains 

V  Test  will  leverage  the  PyroMark  Q96  system  to  read 
out  results  of  the  PCR  for  deep  multiplexed  detect/on 

V  Each  assay  will  be  usable  in  other  pyrosequencers  or 
as  a  gel/RT-PCR  reaction  (without  the  sequence)  for 
future  proofing 


Light  is  generated  for  each  base 
Incorporated. 

lunn.Oirta  0*nia  acbSS: 

Distribution  Sutonxnt  Ai  Approvod  for  jniblio  release;  distribution  is unbrnateA  311  ABGiPANo.  14-304,5  AUG  10 


Distribution  Sutement  A;  Approved  for  publie  release;  distribution  isunhmiteA  311  ABG^ANo.  10-304,5  AUG  10 


IQ 


Planned  Virus  Detection 


I  Every  Airman  a  Farce  iVfuiOt/ 


Coronavirus  Assay 

Every  Airman  a  FcrcelHuMpUer 


V  Under  investigation  are  multiplexed  tests  to  detect 
and  serotype  7  major  classes  of  virus: 

V  Coronavirus 

V  Human  adenovirus 

V  Influenza  virus 

V  Metapnet/moWrt/s 

V  Parainfluenza 

V  Picornaviridae 

V  Respiratory  syncytial  virus 

V  The  project  was  accomplished  as  10  individual  PCR 
tests 


V  This  test  is  a  single  PCR  reaction  theoretically  able 
to  detect  most  known  Coronavirus  that  affect 
humans  and  animals 

V  It  can  discriminate  50  unique  strains  in  Genbank 

V  It  has  been  certified  in  wet  lab  to  detect: 

V  SARS*  (via  synthetic  DNA  stimulant) 

V  HKU1* 

V  OC43 

V  229E 

V  NL63* 


Distribution  Sutewent  A 1  Approved  for  publie  release;  distribution  tsunlirmted.  311 ABG/PA No.  10-304,5  AUG  10 
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Human  Adenovirus 


I  Evtfy  Airman  a  Furce  Maltipi 


Influenza  A&B&C  Virus 


I  Every  Airman  a  Feree  MulUpi 


V  This  test  IS  a  single  PCR  reaction  theoretically  able 
to  detect  most  adenovirus  strains  affecting  humans 
and  animals 

V  It  can  discriminate  52  unique  strains  In  Genbank 

V  It  has  been  certified  in  wet  lab  to  detect  Human 
Adenovirus  3,4J,11,14,  and  21 


Diftnbutiirn  Sut«nMnt  A:  Approvtd  for  public  rdciaei  distribution  is unbrndtcA  311  ABG^PANo.  14-304,5  AUG  10  '3 


V  This  test  is  composed  of  3  PCR  reactions  (one  for 
each  of  Influenza  A,  B,  &  C.  It  is  theoretically  able  to 
detect  most  strains  affecting  humans  and  animals 

V  The  test  cannot  definitively  describe  N  and  H  types 
in  Influenza  A  as  the  PB1  segment  is  sequenced 

V  However,  results  are  strongly  correlated  with  certain 
N  H  groups,  with  over  95%  correlation  In  most  cases 

V  A  assay  can  discriminate  1275,  B  50,  and  C  33 
unique  strains  as  observed  in  Genbank 

V  It  has  been  certified  in  wet  lab  to  detect  clinical 
samples  of  Influenza  A  (N1H1),  B,  and  C 

Distribution  Sut«iY»ent  A;  Approved  for  public  rdcise;  distribution  is  unlimited.  311  ABG^ANo.  10-304,5  AUG  10 


Metapneumovirus 

^^mEvtuy  Airman  a  Farce  MuMpU^r 


Parainfluenza  1&2&3 


I  Every  Airman  a  Faroe  Mulh 


V  This  test  is  a  single  PCR  reaction.  It  will  detect  all 
strains  of  Human  Meta  pneumovirus  in  Genbank 

V  The  assay  can  discriminate  13  unique  strains  as 
observed  in  Genbank 

V  It  has  been  certified  in  wet  lab  to  detect  clinical 
samples  of  Metapneumovirus 


V  This  test  is  composed  of  2  PCR  reactions  (one  for 
each  1  &  3  and  another  for  2).  It  is  theoretically  able 
to  detect  most  strains  affecting  humans  and  many 
affecting  animals 

V  The  1St3  assay  can  discriminate  15  and  the  2  assay 
10  unique  strains  as  observed  in  Genbank 

V  It  has  been  certified  in  wet  lab  to  detect  clinical 
samples  of  Parainfluenza 


V  The  assay  will  also  detect  the  Sendai  virus  and 
mumps  virus  due  to  their  similarity 
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Picornaviridae 


I  Every  Airman  a  Force  Mul&pi 


Respiratory  Syncytiai  Virus 

Every  Airman  a  Force  IHuldplier 


V  This  test  Is  composed  of  a  smgfe  PCR  react/on.  It  Is 
theoretically  able  to  detect  most  strains  of  this  entire 
family  of  virus  by  sequencing  the  ribosomat 
insertion  site 

V  The  assay  wiH  detect  and  discriminate  963  unique 
strains  of  the  following  important  groups  of  virus: 

V  Coxsackievirus 

V  Echovirus 

V  Enferov/ros 

V  Poiiovirus 

V  Rhinovirus 


V  This  test  is  composed  of  a  single  PCR  reaction.  It  is 
theoretically  able  to  detect  most  strains  of 
Respiratory  Syncytial  Virus  from  humans 

V  The  assay  will  detect  and  discriminate  12  unique 
strains  as  observed  in  Genbank 

V  It  has  been  certified  in  wet  lab  to  detect  clinical 
samples  of  Respiratory  Syncytial  Virus 


I>iftribution  Sut«m£nt  A'  Appr<rv«d  for  puUio  reloase;  distribution  Is  unlimited  311  A£0/PANo.  l«-34k^5  AUG  10 


17  Distribution  SUtoriMnt  A'  Approvod  for  publio  rtloise;  distribution  is unlinuttiL  311  ABG/PANo.  10-30d,5  AUGIO 


ta 


After  PCR  Samples  Are 
Purified  and  Sequenced 

Every  Airman  a  FcrCe  Multiplier 


P  w 

How  the  Results  Are 

P 

Determined 

■  Every  Airman  a  FcrCe  Multiplk 


Distribution  Stitoment  A'  Approvtd  for  puWit  rdoaset  distribution  isunlimdtod.  311  AEGiPA No.  10-3011, 5  AUG  10 


V  Detection  is  made  by  simply  matching  the  resulting 
sequence  to  a  database  of  possible  hits. 

V  By  crafting  the  database  we  can  display  as  many  or 
as  few  hits  as  desired  by  the  end  user. 

Seleiit&d  Database: 

LS330-1S^B  ffliraD  COTOnsvlXUS  HKU2  J6C7(7C7aC7aCC»CC»CffC773«C*7:«7aCCWCCirCC»lZ»C»7;WC7a777C»C 
ffi\3S0ZSaS2  150S0-1S374  Him^  COXOnavlXUS  0CB3  JtCTXCTXGTGCaiiCCXtaCCTTXXCXTJATJACJtGCaCCJ!,:^ 
yi\B3163?S2  1B1?5~1B4S3  HOTSn  coronsvixus  JlfL^5  Jb(3UC?rC?3bCC%C:C7Ci;C7?%AM7%AAAACC%a:A773b(2U7:UUaUC77r7C 
gi\  22175745  1425^-14550  HtlDU  COXOnsvlXUS  22 3B  J^<MaTIll'IACC3^CCJkili:7'J'IJMJ^77k3MCCaC\lA‘ITIilJUk7MiXtMCCTCCG 
ffi\  3027132S  1514^-15440  SJkES  COXOiDavlXUff  COfc71S]ft7L77CL!JftL'C7LU7?yjma7a7aC71C]ftCCCCCOftOftOft70C07C70ftC 

gi\  7173^704  15108-15402  ^at  SABS  CCJronavlXUff  tm713ft7tOTCQftCL7UU777t:ACA7A7AA7gftCCCtJCaCACA7CACCA7C7CAC 
^127323^70  23030-2337<  BovU^a  coronavixus  AC7AC7AC7CCtaC1CAL!UL77AACA7AA7AACACCCAC1CACACA7AACAA777L:AC 

^  I  255^3^2^^  2<23?-2<^^7UrAay  eciroonavlxua  AL'7LT7AC7CCatCOMiL”/777Aa7AAA7ACaL*L”/L'7AtJL*7AAAAQtJ777CAg 

0.\212€B1378  13157-1344B7hxash  caxoxtavixus  ACTTTCTACTtKraftCCTTTOTTTAACATATAaiTTATTACaiCACACCACAACTTirTg 

^133723^24  150B0-15374  Poxcixta  2tava^2ut2ltat2xt  3kC77kC77kG7CCC7kCC7kUUCT/MkC7k77J^7Ma^CCC7^Ca^aiai7Mk(M7TlilAG 
gi\14€411511  553'‘3<3  Afflart  2aopaxd'  eat  eaxext  AL'7L'L'7AC7CCOL'L*7L*L”/777Aa7ACAgL'77lL'77ACagACAC7ACatL*77L'7L' 
ffillBS310077  23033-233 73Znfact2ouff  ixxonc^£t2ff  3kC77kC77iG7GaDiCC7iCGC777aC7k77MTGCC7iCCTG77iaC7Mi{aC7kG777CXtG 
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Results  Can  Be  Determined 
with  the  Provided  Software 


■  Every  Airman  a  Force  Muliipl 


The  IdentiFire  Software 
Produces  Fair  Results 

Every  Airman  a  Force  IHuMplier 


V  The  assays  work  quite  wek  on  extracted  cfinicaf 
samples. 


V  Using  these  assays  we  ha  ve  observed  previously 
undetected  infections  and  serotyped  known  ones. 


IdentiFire  Biotage 

Summary  Report 

SjmpH  Id _ _ Scora _ 

1  CCM  J 
1  CCM  t 
1  CCM  10 
t  ccH  n 
1  CCH  4 
"4  CCMS 
1  CCH8 
"4  CCH  10 
4  CCH  tl 
■4  CCH4 
1  CCHS 

I>iftribution  Sut«m£nt  A '  Appn>v«d  for  puUio  reloase distribution  is  unlunitod.  311  ABO^A  No.  10-34k^5  AUG  10 


giiaiBJ'J.Mi  1  J44  Ar.i^crp  rt>.BOy.iut 'Jayj'J  .idale  —  tslOLi  O  . 
No  htt9  NKind. 

9(|»947^<:90»~B00Hwma^Mi«Mht*vtnesAi0  n.f  D-atails  O. 

011147008470:167-406  MiaiMn  rtimovlni*  sp.  iioteti  100  Dotoili 

OVO5>_fll|7173>64O2l0b|F>445136  07.5  PeHIIS  . 

No  hKs  teund.  (HI  Domli 

RV070_ol|9St07S3l|gb|DQ473Sa8.  100  DtHllt 

No  hits  round.  ■■  r>i!tjik 

011147068570:367-406  Human  Hunevlrut  46.  Kotato  93.8  Datalli  > 

(IV051.0ll217316402lob|F3445136  92.5  Patailt  * 

No  hK4  round.  ■■  Palalk 

No  hKs  Found.  DcUlIl 


Detection  of  Novel  Viruses  Can 
Be  Done  with  Public  Tools 


Detection  of  Novel  Viruses  Can 
Be  Done  with  Public  Tools 


I  Every  Airman  a  ForCe  Multipi 


FiOer  Otxrry  Sequence 

Ciilat  occMtlon  numbw,  gl.  or  FASTA  toguonc*  to 


Ouayaiinnot  it 


Or.  upload  Dio 

Jobrw* 


OaOamOOl 

EiiMrtatienciMMMlDrrowBLASTMaKn  4P 


Distribution  Suttmeit  A '  Approvod  for  pnibUordoase;  distribution  is unLunitod.  311  AEGrPANo.  10-304,5  AUGIO  23 


I  Eveiji  j4ir7w/l7r  a  Force  MuMpi 


yibisussilts.:  O  8AM  eoroooTiruo  luni-19119  looloto  tCVXP-NAimOD-OOOO).  eeaplota 
Lln^>39C44 

9«or«  •  103  blta  (JSli  Oapoet  •  1*-19 

Idontittra  »  3S/S3  I100*».  Capa  ^  0/SS  (091 
3tiasKi>>91ua/Kinaa 


Sbjet 


lOCeaCCACArATaACeATCTCA  Si 


>t~ iflfciap553364.lt  H  SAM  eoroaoTirua  lum-19B49  laolaca  TCVSP-MAK80t>- 130002.  eoaplata 
?angcb*2»<44 

9aat«  a  103  btta  (SSI,  Capocl  «  la>19 
Idrntlttra  •  SS/iS  (100%|,  Oapa  •  0/SS  (04) 

StraBd'Plua/Xuioa 


guaxy  1 
Sbjec  1S176 


SS 

1S333 
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Typical  Limits  of  Detection 


z 


V 


■  Every  Airman  a  Force  Multipl 


Progress 

■  Every  Airman  a  Force  MulUpliei 


V  Most  samples  are  toad ily  detected  down  to  10^^  or 
lO^dftution  from  y^TCCsfoclts. 

V  This  level  ofPCR  detection  indicates  an 
approximate  detection  range  of  100  TCiD  per  mL 
based  on  slated  filers  of  the  originat  ATCC  stocks. 
This  level  is  fairiy  consistent  across  most  of  the 
assays  tested. 

V  Due  to  the  nature  of  pyroseguencmg,  it  is  very  hard 
falmosl  impossibie)  to  get  a  false  positive. 

V  However,  false  negatives  are  fairly  common  (1-10%). 
This  is  manageable  by  using  replicates. 

Diftributlirn  Sut«nMnt  Ai  Approv«<i  for  public  rticiae;  <listributii>n  isunbimtcA  311  ABGJPANo.  1{K-3<I4,5  AUG  Kt 


V  Currently  we  have  our  staled  minimum  deliverables 
working. 

V  We  have  determined  that  despite  severai  iimitations, 
the  PyroMadf  Q96  instrument  offers  a  low  cost 
piatform  for  the  rapid  detection  and  serotyping  of 
ciinicaiiy  reievant  virai  diseases. 

V  We  can  easiiy  detect  and  serotype  over  20  ciinicaiiy 
reievant  virus  targets. 

V  We  Implemented  7  Important  tests  that  wltb  further 
development  could  be  used  in  future  clinical  tests  or 
in  disease  surveillance. 

Distribution  Sutoinent  A;  Approved  for  public  rdoise;  distribution  isunhmited.  311  ABGPANo.  Ui-3ft4,5  AUG  1*  26 


Conclusions 


Every  Airman  a  Fcrcc 


Future  Directions 


I  Every  Airman  a  Fcrce  Mul6 


V  The  degenerate  PCR  methodology  offers  several 

V  The  proof  of  concept  evaluation  will  be  done  shortly.  unique  directions  for  future  assays. 


V  Proof  of  detection  backed  by  firm  numbers  from  iarge 
groups  of  c//n/ca/  unknowns  remains  to  be  compieted 
(iikeiy  in  year  2  of  the  project). 

V  Synthetic  controis  and  dilutions  and  small  lots  of 
clinical  samples  show  sufficient  detection  sensitivity. 

V  Pyroseguenclng  detection  software  Is  somewhat 
iacking  but  serviceable. 


V  Aiiows  deep  multiplexing. 

V  is  amenable  to  several  different  Instruments. 

V  Can  readily  detect  large  subsets  of  similar  organisms. 

V  Can  Individually  Identify  members  of  these  groups. 
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PHT  Mission 


Every  Airman  a  Force  Mu 
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The  Use  of  Retinal  Photographs  for  AFSOC  Flyers  at  Risk  for  Laser  Eye  Injuries:  Evaluation  as 
Screening  Exam 

United  States  Air  Force  School  of  Aerospace  Medicine  (USAFSAM)/FEER 
Lt  Col/Dr.  Christopher  Hudson 

The  increasing  availability  of  lasers  has  led  to  a  proliferation  of  laser  illuminations  of  airplane  cockpits  and 
crews  during  flight.  Such  illuminations  not  only  present  flight  safety  issues  such  as  distraction  or  visual 
disturbance,  they  could  in  some  cases  result  in  damage  to  the  retina.  The  United  States  Air  Force  Special 
Operations  Command  (AFSOC)  has  initiated  retinal  photographs  for  its  aircrew  to  be  used  in  the  event  of  a 
laser  eye  exposure  incident.  Since  2004,  all  flyers  were  required  to  have  a  reference  retinal  photograph  to  use 
as  comparison  to  their  exam  after  a  laser  exposure.  The  intent  of  the  retinal  photograph  is  to  enhance  the  ability 
of  the  examining  provider  to  detect  laser  associated  retinal  damage.  The  frequency  at  which  such  retinal 
photographs  should  be  repeated  as  a  screening  exam  has  not  been  determined.  The  purpose  of  this  study  is  to 
examine  retinal  photographs  of  AFSOC  flyers  as  a  screening  exam.  As  with  any  screening  exam,  the  factors  to 
consider  are  the  incidence  and  prevalence  of  the  condition,  the  sensitivity  and  specificity  of  the  screening  exam, 
the  cost  effectiveness  of  screening,  the  appropriate  screening  interval  and  any  unintended  consequences  related 
to  screening.  After  considering  each  of  these  factors,  our  recommendation  is  that  baseline  retinal  photographs 
for  AFSOC  flyers  are  not  recommended  as  an  effective  as  a  part  of  a  medical  surveillance  screening  program 
for  potential  laser  eye  injuries.  This  recommendation  is  based  on  the  lack  of  injuries  reported  in  aviators,  the 
limited  number  of  documented  ACS  injuries  over  the  past  15  years,  the  cost  and  lost  work  time  associated  with 
screening  and  the  limited  use  as  a  screening  tool. 
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f  V 


DISCLOSURES 


THE  EFFECTIVENESS  OF  RETINAL  PHOTOGRAPHS 
FOR  AFSOC  FLYERS  AT  RISK  FOR  LASER  EYE 
INJURIES:  EVALUATION  AS  SCREENING  EXAM 


Christopher  Hudson,  LtCol,  USAF,  MC,  FS 
Chief,  Aerospace  Medicine 
377’'’  Medicai  Group,  Kirtiand  AFB,  NM 
25  August  2010 


■  NOTHING  TO  DISCLOSE 


BACKGROUND 


PURPOSE 


■  Increasing  availability  and  usage  of  lasers,  both  military 
and  civilian 

■  Proliferation  of  laser  illuminations  of  cockpits 

■  Flight  safety  issues-  distraction  or  visual  disturbance 

■  Greatest  concern-  potential  damage  to  the  retina 

■  AFSOC  initiated  baseline  retinal  photographs  for  all 
aircrew  in  2004 


■  Examine  the  effectiveness  of  obtaining  baseline  retinal 
photographs  for  AFSOC  flyers  as  a  screening  exam  for 
future  laser  eye  injuries 

■  Apply  all  factors  related  to  determining  the 
appropriateness  as  a  medical  screening  exam 

■  Make  overall  recommendation  to  AFSOC/SG  regarding 
baseline  retinal  photograph  policy  for  AFSOC  aviators 


RETINAL  HEMORRHAGE 
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BACKGROUND- 
LASER  CLASSIFiCATION 


SPECTRUM  OF  LASERS 
AND  ASSOCIATED  INJURIES 


■  LASER  “Light  Amplification  by  Stimulated  Emission  of 
Radiation’' 

■  Visible  and  invisible  spectrum,  from  near  infrared  to  Ultraviolet 

■  Powerful  lasers  available  to  public 


■  Classified  by  ability  to  cause  damage  to  the  eye  or  skin 

■  Class  1  -  incapable  of  producing  damaging  radiation 


Airr^raft- 
Mou  nted 
Target  ng 
Turret  Pod 


Weapons - 
Mounted  Pointed 
lllurninatod 
Target 
Designator 


LASER  BAND  UV  VISIBLE 

near  far 

IR  IR 
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EFFECTS 
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* - *  \  DCORAX>ATlON 

j  THERMAL  SKM  BUFNS  | 

SKIN 
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OF 

RADIATION 

(DEPTH) 
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LASER  CLASSES  CONT. 


RANGE  OF  LASER  BIOEFFECTS 


■  Class  2  and  3A  lasers 

■  Most  commorcially  available  lasers-  laser  pointers,  infrared  thermometers  and 
distance  indicators 

■  Only  purposeful  fixation  on  beam  for  prolonged  time  will  Target  Illuminator 

cause  injury 

■  Can  cause  a  momentary  visual  disturbance  (after  image)  or 
temporary  flash  blindness 

■  In  cockpit,  presents  distraction/safety  issue 

■  Class  3B-  Can  cause  retinal  injury 

■  Ground-based  target  designators  and  non-lethal  deterrent  devices  (dazzlers) 

■  Risk  of  laser  eye  injuries  from  both  friendly  and  hostile  forces 

■  Class  4  -  hazard  to  the  eye  and  skin,  diffuse  reflection,  fire  hazard 

■  Aircraft  based  target  designators,  electo -optical  countermeasures 


Factors  which  determine  severity  and  duration  of  ocular 
symptoms  ^ 

^  *  ir!irap««pra.«irai  F  _ _  bOrCb^ibl  C 


■Type  of  laser 

■Distance  from 
the  source 

■Presence  of  an 
Ocular  device 
between  the  eye 
and  laser 

■Wavelength 


Vfival  effects 


Ps^K-hokieica  I  effects 

DISTANCt 
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LASER  EYE  INJURY  SYMPTOMS 


#  V 


MITIGATION  OF  OCULAR 
INJURY 


■  True  retinal  laser  injury 

■  Rapid,  painless  decreased  vision,  usually  monocular 

■  Typical  ocular  symptoms  associated  with  laser 
illumination  of  the  cockpit  (no  retinal  injury) 

■  Afterimage,  flash  blindness,  ocular  irritation 

■  Binocular  symptoms 

■  Pain  secondary  to  corneal  abrasion  from  rubbing  the  eye 


Look  away  if  practical 
Maneuver  aircraft  to  avoid  beam 
Shield  eyes 

Regular  spectacles,  sunglasses  or  visors  are  not  protective 
NVG’s  only  protect  a  limited  field  of  vision 
Laser  Eye  Protection  (LEP’s) 

■  Wavelength  specific 

■  Useful  around  known  laser  sources  --  friendly  fire 

■  Limited  in  hostile  settings 


xyr 


POLICY 


t  V 


AFSOC  POLICY 


■  ANSIZ136.1-2007 

■  Surveillance  I  AW  American  Nat’l  Standard  for  Safe  Use  of  Lasers 

■  DoDI  6055.15  -each  service  shall  establish  a  laser 
protection  program 

■  Prevent,  identify  and  track  laser  related  eye  injuries 

■  Establishes  Tri-Service  Laser  Injury  Hotline 

■  USAF  Laser  Radiation  Protection  Program  AFOSH  48-139 

■  Medical  surveillance  required  for  laser  workers 

■  Outlines  steps  for  suspected  laser  exposure 

■  USAFSAM  Laser  Injury  Guidebook 

■  evaluation,  treatment,  reporting  of  suspected  laser  eye  injuries 

11 


■  AFSOCI  48-1391,  dated  2004 

■  All  flyers  and  Special  Operators  (PJ’s,  CCT,  TACP) 

■  Modified  April  2009  -specific  flyers  at  risk  for  laser  eye  injury 

■  Based  on  possible  exposure  to  specific  classes  of  lasers 

■  Purpose-baseline  retinal  photo -compare  suspected  exposure 


12 
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METHODS-  DATA  SOURCES 


#  V 


I  Civilian  laser  incidents  -  FAA 
I  Military  laser  incidents 

■  Tri -service  Laser  Injury  hotline 

■  Aeromedical  Consult  Service 

■  NASIC 

■  AFRUHEDO 

■  AFSC 

■  Cost  data  -  Hurlburt  Field  Optometry  Clinic 


RESUL  TS  -  MILITARY  DA  TA 


I  Laser  Illumination  Events 

■  Tri -service  Laser  injury  hotline  2009  data  (184  reports) 

■  14%  (26/184)  of  the  incidents  involved  aviators,  ail  reported  as 
hostile  action 

■  No  associated  permanent  injury  in  any  aviator 

■  Ground  based  events 

■  86%  of  all  reported  events 

■  6%  (10/158)  associated  with  possible  injuries 

■  Majority  of  ground  troops  exposed  by  friendly  forces 

■  Inappropriate  use  of  dazzlers/target  designators 


MILITARY  DATA  CONTINUED 


RESULTS  -  FAA  DATA  0 


■  ACS-  reported  a  single  case  of  an  aviator  with  a 
potential  laser  related  eye  injury  in  the  past  15  years 

■  NASIC  (National  Air  and  Space  Intelligence  Center)- 
No  reported  permanent  injuries  to  flyers 

■  AFRL/HEDO-277  reported  exposures  in  2009,  three  in 
aviators,  no  injuries 

■  AFSC- AFSAS  contains  no  reports  of  laser  eye  injuries 
in  aviators 

■  Hurlburt  Optometry  Clinic-  multiple  evals  for 
suspected  injuries,  no  confirmed  cases 


■  Increasing  number  of  illumination  events  each  year 

■  Over  3500  incidents  in  past  five  years 

■  Over  1,500  incidents  noted  in  2009 

■  1  potential  Injury  out  of  3,500  illuminations  in  past  5  years 
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^  AFSOC  RECORD  REVIEW 


#  V 


UNINTENDED  CONSEQUENCES 


■  Approximately  2330  exams  performed  since  2004  at  the  Hurl  hurt 

■  One  year  record  review  was  performed  to  determine  the  pathology 
detected  with  these  photos 

■  Of  the  344  aviator  records  that  were  reviewed: 

■  75%  (251/344)  were  normal 

■  22%  (74/334)  were  benign  findings  or  "false  positives”  such  as 
Congenital  Hypertrophy  of  the  Retinal  Pigment  Epithelium  (CHRPE)  and 
Nevus 


■  3%  (9/334)  were  abnormal  findings  or  "true  positives”  such  as  Lattice 
degeneration,  suspect  glaucoma  ,  macular  drusen,  optic  nerve  drusen 


17 


■  Both  true  and  false  positive  findings  require  additional 
evaluations,  leading  to  additional  costs  and  time  away 
from  work 

■  Increased  workload  for  medical  staff  related  to  exams 
and  waivers,  loss  operational  capability  due  to  DNIF 


■  However,  those  with  pathology  may  benefit  from  early 
diagnosis 


Disc  Drusen  Drusen  Glaucoma  Suspect  Lattice 
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V  RESUL  TS  -  COST  DA  TA  #  V  SCREENING  EXAM  CRITERIA  0 

■  Cost  estimates  based  on  RVU’s 

■  334  exams  per  year,  at  $120  per  exam  =  $41,000  per  year 

■  Cost  of  additional  follow  up  for  abnormal  exams  approx  $5k/yr 

■  Cost  of  program  over  the  past  five  years  =  $339,000 

■  Assuming  one  case  of  potential  retinal  pathology  per  year; 

■  Then  number  needed  to  screen  is  334  (same  as  exams/yr) 

■  Thus  cost  to  have  retinal  photographs  available  for  the  benefit  of 
this  aviator  is  $41  k 

■  Low  cost  effectiveness  in  this  specific  population 


Id 


■  Qualities  of  a  good  screening  exam  include 

■  Safe 

■  Inexpensive 

■  Acceptable  to  target  group 

■  Highly  reliable  and  valid 

■  Easy  to  perform  and  interpret 
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SCREENING  EXAM 
CRITERIA  CONTINUED 


m  Incidence 

■  Events  with  even  a  suspected  injuty  are  quite  low 

■  Documented  retinal  injury  almost  non-existent 

■  Prevalence 

■  Essentially  zero,  as  any  significant  retinal  damage  is 
symptomatic 

■  Aircrew  get  annual  flying  exams  which  screen  for  retinal 
pathology  (visual  acuity  and  amsier  grid) 

■  Sensitivity/Specificity 

■  Not  applicable  for  a  baseline  (pre -exposure)  exam 


DISCUSSION 


■  Retinal  photographs  are  an  effective  tool  for 
documenting  and  monitoring  retinal  pathology 


I  Use  as  a  baseline  or  screening  tool  is  less  clear 

■  +  Availability  of  baseline  photos  provide  comparison  for 
current  exam 

■  +  New  findings  can  be  compared  to  baseline  to  determine 
relative  age 

■  -  New  findings  not  necessarily  attributed  to 
recent  exposure 

■  -  Clinical  correlation  required  (not  diagnostic) 

■  -  Not  all  ophthalmologists  find  baseline  photo  useful  adjunct 


22 


CONCLUSIONS 


RECOMMENDA  TIONS 


Frequency  of  aircraft  cockpit  illuminations  is  increasing 

Incidence  of  suspected  laser  eye  injuries  in  aviators 
remains  exceedingiy  low- virtualiy  no  reported  cases  from 
multiple  military  and  civilian  sources 

Benefit  of  retinal  photographs  in  evaluating  suspected 
acute  laser  injuries  is  debatable 

High  rate  of  asymptomatic  findings  require  further  workup 
Test  is  not  cost  effective  in  this  population 


23 


■  Baseline  retinal  photographs  for  all  AFSOC  flyers  are  not 
warranted  as  a  screening  exam 

■  Continued  tracking  of  illuminations/laser  injuries  essential 

■  Develop  centralized  database  to  capture  all  laser  exposures 

■  Educate  airmen  at  risk  for  laser  exposure 

■  Consider  providing  LEP’s  to  ground  troops  to  protect 
against  friendly  fire 

■  Consider  study  to  determine  effectiveness  of  baseline 
retinal  photographs  in  other  miiitary  populations 

■  Continue  to  develop  broad  spectrum  LEP’s 

24 
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Visual  Performance  Enhancement  with  Macular  Pigment  in  Glare  Condition 
AFRL  711*"  Human  Performance  Wing  (HPW)/RHDO 

Dr.  Leon  McLin 

PURPOSE:  Macular  pigment’s  presence  in  the  fovea  is  thought  to  enhance  visual  performance  in  glare.  This 
study  sought  to  determine  if  differences  in  macular  pigment  optical  density  (MPOD)  are  associated  with 
differences  in  3  measures  of  visual  performance  under  conditions  of  glare:  1)  photostress  recovery,  2)  disability 
glare,  and  3)  visual  discomfort.  METHODS:  Spatial  profiles  of  MPOD  were  assessed  for  twenty-six  subjects 
with  heterochromatic  flicker  photometry.  Glare  was  delivered  dioptically,  in  free-view,  via  two  bright  white 
LEDs.  For  the  disability  glare  and  photostress  recovery  conditions,  the  visual  task  consisted  of  determining  the 
contrast  threshold  for  correct  identification  of  a  1  degree  Gabor  patch’s  orientation.  Visual  discomfort  was 
assessed  with  a  visual  discomfort  rating  scale.  Pupil  diameter  was  monitored  with  an  IR  camera.  RESULTS: 
Low  MPODs  were  associated  with  higher  contrast  thresholds  even  for  the  control  condition  without  glare. 
Higher  MP  values  resulted  in  faster  photostress  recovery  times,  lower  disability  glare  contrast  thresholds,  and 
lower  visual  discomfort.  Subjects’  pupil  diameter  during  glare  was  significantly  correlated  with  higher  visual 
discomfort  ratings.  CONCLUSIONS:  Macular  pigment  improves  three  aspects  of  visual  performance  in  glare. 
Unlike  previous  studies,  the  present  study  used  free-viewing  conditions  so  effects  of  iris  pigmentation  and  pupil 
size  could  be  accounted  for.  Therefore,  the  effects  described  can  be  extended  more  confidently  to  “real-world,” 
practical  visual  performance  benefits. 
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Purpose 


Methods 


•  One  theory  of  the  function  of  macular  pigment  (MP) 
presence  in  the  fovea  is  to  improve  visual 
performance  in  glare 

•  This  study  sought  to  determine  the  effect  of  MP  level 
on  three  aspects  of  visual  performance  in  glare: 

-  Photostress  recovery 

-  Disability  glare 

-  Visual  discomfort 
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Spatial  profiles  of  MP  optical  density  were  assessed  with 
heterochromatic  flicker  photometry  for  52  subjects 
Visual  performance  in  glare  measured  for  26  subjects 

-  Disability  glare 

•  Visual  task  consisted  of  correct  identification  of  a  Gabor  patch's 
orientation 

•  Glare  was  delivered  dioptically,  in  free-view,  via  two  high-bright 
white  LEDs  coupled  with  diffusers  and  focusing  optics. 

-  Photostress  recovery  -  time  to  recover  to  see  V  Gabor 
patch’s  orientation  after  a  bleaching  5  second  central  glare 
exposure 

-  Visual  discomfort  during  the  glare  presentation  -  assessed 
with  a  visual  analog  discomfort  rating  scale 

Pupil  diameter  was  monitored 
with  an  IR  camera,  and  pupils 
varied  normally 
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MPODs 


52  subjects 
Mean  =  0.44 
SD  =  0.20 


Gaussian-like 

distribution 
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V  Variations  of  MPOD  spatial  profiles 


Contrast  Thresholds  and  MPOD 

1 -degree  area-averaged  MPOD,  Baseline  no  glare 
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V  Disability  Glare  Contrast  Thresholds 

1 -degree  area-averaged  MPOD,  with  glare 
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Visual  Discomfort  Ratings  and 
Central  5°  Area-averaged  MPOD 


5  degree  area-averaged  macular  pigment  level 
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Retinal  eccentricity  (degrees) 

•  Similar  peak  MPOD  values,  about  0.3 

•  Different  central  5°  area-averaged  MPOD  levels,  0.33  and  0.52 

•  Different  discomfort  glare  ratings,  “6”  and  “2” 
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Visual  Discomfort  Ratings  and 
Pupil  Diameter  During  Glare  Exposu 


MPOD  and  Iris  Pigmentation 


iris  pigmental  bn 
(based  on  Seddonetal.  1990) 
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The  benefit  of  MPOD  for  photostess  recovery  appears  to  asymptote 
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Conclusions 


«  MP  appears  to  iinprove  three  aspects  of  visual 
performance  in  glare 

*  Unlike  previous  studies  of  MP  and  glare,  the  present 
study  used  free^iewing  conditions,  in  which  effects 
of  iris  pigmentation  and  pupil  size  were  considered 

*  The  effects  described,  therefore,  can  be  extended 
more  confidently  to  ''real-world,’'  practical  visual 
performance  benefits. 

-  The  finding  that  greater  iris  constriction 
(paradoxically)  resulted  in  greater  visual  discomfort 
speaks  to  the  neurobiological  mechanism  that 
mediates  pain  elicited  by  light. 
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Identification  of  Serum  Biomarkers  of  Directed  Energy  Induced  Retinal  Injury 
United  States  Army  Medical  Research  Institute  of  Chemical  Defense  (USAMRICD) 
ETC  Deborah  Whitmer,  62“*^  MEDBDE  Theater  Veterinarian 


MILITARY  SIGNIFICANCE:  Today  on  the  battlefield  military  personnel  are  exposed  to  numerous  non- 
kinetic  ballistic  risks  to  their  vision  such  as  directed  energy  (laser)  sources  and  non-penetrating  blast  effects. 
Detection  of  subtle  non-penetrating  blast  and  directed  energy  retinal  injuries  by  retinal  specific  biomarkers  is  a 
desirable  field  diagnostic  capability.  OBJECTIVE:  Determine  if  specific  retinal  biomarkers  are  measurable  in 
serum  after  discrete  DE  retinal  injuries  occur.  METHODS:  Laser  lesions  were  created  in  both  eyes  of 
anesthetized  non-human  primates  (NHPs)  (n=20  animals).  An  alpha-2-agonist  and  non-steroidal  anti¬ 
inflammatory  were  administered  topically  concurrently  with  a  unilateral  intravitreal  injection  (saline  or  steroid) 
then  evaluated  for  effects  on  lesion  healing.  Serum  samples  were  collected  from  all  NHPs  pre  and  post  DE 
exposure  then  at  regular  intervals  during  the  treatment  phase  and  at  the  terminal  end  point  (minimum  of  180 
days  post  retinal  injury).  The  levels  of  cytokines  and  chemokines  were  determined  in  serum  using  Millipore’s 
MILLIPLEX™  Non-Human  Primate  Cytokine  kit.  The  assay  coupled  with  the  Luminex  xMAP®  platform, 
simultaneously  quantified  23  human  cytokines  and  chemokines.  RESULTS:  Six  of  23  assayed  serum 
cytokines/chemokines  were  detectable  at  all  time  points  from  injury  to  end  point  in  all  NHPs  tested. 
CONCLUSIONS:  Preliminary  results  indicate  that  specific  serum  cytokine/chemokines  biomarker(s)  exist  for 
discrete  DE  induced  retinal  injury. 


(Not  presented) 
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